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METHODS AND COMPOSITIONS FOR NnCROTTNCAPSUl^TlON OF ADIXA'ANTS 
iiAaCGRQXJK D OF THE INVENTION 
fTFJ.O _P£THE JNVENTTON 

This iTivemion rclal-s to :he mkrrocncapsxlarion of ;)djnvants for use H therapeutic rrr 
pnophylacuc vaccine fonnulations. 

PEgCRI?TIQN QF TH£ EACKCtHQU^P AfSDRELATBQLALRI 

The instant invention provnlcs tor the deliver)' of an adjuvani or aGjuvaiiis to a boil in 
9 microsphere format. Tbs adjav^nt ur aidjuY^U c&d be dcHviftrd cboco^iiUstiv witti an 
antigen piclttigtd \«ityi6 tKt ifti ct€>&piuH^EfeHtlMlfea^^ I y 

an ontigen can be proviilcd before or ofter the adjuvont^containing microspheres. Of be pscka^d 
indcpciKlcail)' in micTosphcres. The cncapsu-latcd adjuvant of the inveruon may be used in 
iraditional inimumzAtjon protocols typically requiring multiple exposures of the patient tc an 
antigen, usually by infections of a vaccine formulation ar inrervals of In 
addi'.ion. the encapsuloied adjuvant of the invention may be dcli/ered to the paiieni m a 
formulation which releases the antigen anH/or adjrvnnt ii|P|^^^ipa^d days ro inonths apart, 
thereby reducing ins need for mvJiipJe injection*. The initial burst of andgcn and/f>r adfuvant 
can be augmented by the addition of solubie antigen ond/or adjuvani to the vaccine formulaion. 
Mixturcji of microspheres which release the antigen and/or adjuvant in arg||^^i]ll|jn3|t|mcr wilS 
micro^pnercs which release the antigen and/or adjuvant continuously can also be used. 

Pmrnm^^^ ^^S^ ^ l^^li^^^ 'ft /^'WvJfd^^ witbin the same 




f«if^>iv=|Aiwgi»CTM'iMi^^ vaccine. 
Ad;uvants may a'so be combined, cither within the same microspheres or as a mixture of 
microspheres, to provide an additive or synergistic effect- Furthermore, as microspheres can be 
designed to release a second burst of antigen ar.d/or ndjuvam ("autoboost") whcii dcsiicd, a 
b:ngle vijcciiic prcparauon can be designed so as to mix populations of microspheres which 
iclessc their bursts of ar.f.gcns and/or adjuvants a; multiple prescribed intervals wlicn such 
multiple chaltcr.ges wiiii antigen and/or adjuvant arc desired. 

f*refcrred adjuvants for in the cojnpo^tions and methods of the in.stnnr invcniton 
irclude fi|90j-titis and their ocrivativis. For example, U.S. Patent *5-057.540 dist;loscs the uses 
of Quill.ijii saponins, a inix'ure of ^rirerpenc glycosides extr-^rred from the b^rk of ihe trrc 
Quillaja sapanun'a, as immune adjuvants. Saponins can be isolated from other phrts, such 
ioy beans (U.S. Patent 1^4.524.067; White ct al. t immnnoloyv of yroTcms ar.d i*cDttdes VI. 
cd. M. 2. AtHssi Plenum Press. NY, 1991) disclose ihc use o^^Sil^t as an adjuvant lor a 7- 
.nccpcndcnt antigen. Wu et at (J Immunol . 148 151 9- 1525, 1992) disclose the use of QS 2 1 
as on adjuvant for the HIV-1 envelop protein 5pl60 m mite. Newman el qI. f /\JDS Rcscort:h 
and Human Retroviruses 8; 3-141 8, 1992) disclose the U6e of QS2I as an adjuvani for thr 
HIV-1 envelop pioiein u^l60 h\ rhesus macaquca. .<cnsii c: al C J An. Vet Med. A.'Soc. 
199:1423-1427, 1991) diMr.ose the use of QS21 a> an adjuvant for me fchne ,cjkcTTi:a virus 



-1 - 



IVdXV.-I 



wo 95ai008 



JPCTafSy4/ 11674 



subgroup A gplO protein 

Polymer matrices for forming microspheres are also licscribed 171 the litcrorjrc. For 
cxa.-nplc, Chang ei oJ. fBioengineering ] :23-32, 1976) disclose semipermeable micrcsphcrcs 
contaming enzymes. horiTioncs, vaccines, and other biologicals. U.S. #5.075,109 discln^es \ 
5 meihod of potentiating an immune rcsponbc by administering a mixiurc of ai least iwo 

populations of microspheres containing bioacfivc agcris juch that one of the microsphere 
popalations is sized between about 1 to 10mm. U S Patent #4.293. 539 discloses ^ controJJsc 
release fonnulatioo of an derive intredieni in a copniyrrer dtnved from about 60 to 95 weight 
percent tactic acid and about 40 to aboat 4 weight percent glycoUc acid. U.S. Patent 

IC 9 19.929 discloses the administration of an aniipenic substance in a shaped structure of a 

biocompatible matrix material, U.S. Patent #4.767.62B discloses composition comprising an 
active^ acid stable potypepiidc and a polylactide, which when placed in an aqucoos physiological 
cnvironT>cnt release the polypeptide at an appmxiiratel) constant rale in an esRcntialiy 
monophasic manner. U.S. Patent #4.962.091 discloses a microsuspension of water soluble 

15 macmmolecular polypeptides in u polylactide matrix. U.S. Patent Nos. 4. 849. 228 and 

4,725,721 disclose a biodegradable, high molecular weight polymer cliaracicrizcd in that the 
comcni of wotcj -soluble low molecular weight compounds, as caJcuIatcd on the assmnpiion 
that such compounds are monobasic acid*, is less than 0,01 mole per 100 grams of high 
molecular weight polymer. U.S. Patent Nos. 4,902.515 and 4,719.246 ilisclose polyl.ictnlc 

20 compositions cohraining segments of poly(R-)£»ctjde) interlocked with segments of poiy(S- 

tactidel. VS. Patent #4,990.336 discloses a muiliphasic sustained release system comprising 
allergen extract encapsulated in Tnicro^>hcres of bioerodibie encapsulating polymer which 
permits a Mi.it.iinftd. nnultiphasic release of the al terpen. This sysrem includes s first ponion of 
allergen extract that upon injection is cjipable of being released in .i mannei whereby iriiJal 

2 5 allcrccnicity is minimired to producing o miid local reaction similar to that nomialW observed 

with tow doses ot conventional allerjgcn admtnistraiion, aiwl secondary potiions of allcrgcr 
extraCT tha: nrnvidc a substantially fcigher level of allergen extract in doses that could provide a 
serious reaction in the patient but for the rciease nf rhe. fjrst portion of allergen exiract V S. 
Patent #4,sy7.268 discloses a microcupsule delivery system wherein the ingredicri.s are 

3 0 cmaipsulsitcd in biodegmdable copolymer cxcipients of varying mole ratios, s-jch that <Iriivt:ry nf 

the ir.E;rcdicnts occurs at a constant Tflte over a prolonged period of liine. 

Vanous W^^b^-ih^r^^i&ions arc described in the literature Thus, for exumpic, U' S. 
PntcrlNos. 4,917,893 and 4,65Z,44t di:»clo5C a microcapsule pTDduccd by preparing a wairr-in- 
oii emulsion comprising an inner aqueous layer coniaintrg a waier-ioJutlc drjg. a cru|- 
3 5 rctnining substance, and an oil iuycr ::untaining a polymer sJihstance; trie inner or aqueous layer 

IS thickened or solidified ro a vi.^cosity of not lower than about 5000 ccntipoiscs. The rcTiuluri; 
emulsion .s .subjected 10 in-writer dryine. U.S. Patent #4.954,298 discloses the produrrinn nf 
microcapsiitcs by preparing a watcr-:n-nil emulsion composed of ^ water soluble dru^- 
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contair.ing soluiitm as the inner aqueru?; phase and a polymer-containing solution ;h« oil 
phose. dispeiTing the einulsion in sn aqueous phase and subjrctcd the resuming vaicr-in-oil-in- 
wacer emuisior to an in- water drying, wherein th^ viscosity of the water in oil emulsion used 
in preparing the warcr- in-oil-in-waier euijision is idjustcd lo about 150 to about 10.000 
5 centipnwes 

Accordingly, it is an object of the inveruun lo provide a raicrocncapsDUtcd adjuvant 
formnUiion for use m immunization of a paneni against an jnMgcn of iniercF;i 

This object and other objects will become apparcnc to those of ordinary siall in ihe an. 
.NUMMARY PFTHR INVEiSTlQN 
1 0 Accordingly, the i nstant inventio n pr:j v.dcs for dififety 6* An iidjtiylint or adJiiVants 

td jitll^ i iilipiroSplN^rC faniDI. Tnc [KJiu>ant or adjDvcnts caa be dclirorcd concomil&r.tW 
with an antigca packaged withtTi the same microsphere or in some other dcli-vcry format: 
oltcmatively, un antigen can be provided before or after the aJjuvDot containing microspheres, or 
be packaged intJepcuricntly in mirrospheres in one embodiment o: The invertion, the 
15 mjcroRphcres of the instant invention release the adiuvmt in a puisatilc manner. For example. 

the microspheres may release the aJjjvan^ ic three pha^c^: ao mihfJ bursi, a slow rr lease, and a 
second bur/it. In a funber crnbodimcnl of t)ie irvenTion. the adjuvant is continuously released 
from the microspheres. Preferred adjuvant for u^e in the composition* and methods of instar; 
inx-cfition include soponiw and ihcir derivatives- 
20 One )|S|B^.9f Mv? invtnticm i» A composition comprising polyCQ-L-lactirle-co- 

CtycqUde) (PCS^l^^^^^S^t^^^^^^B ^ ocjuvant. wherdn 

liie ratjo of lactidc to glycolide is from about 100:0 to OrlOO weight percent: 

the inbcrcni viscosity of PLGA polymers usrd in the microspheres is about 0.1 to 

1.2 dL/g; 

2 S the median diameter of the micro^priciea is from aboui 20 tc lOO mm; tind 

ir.c adjovani released fiora the microsphere m e alp basic pattern, wherein about 0.5 
to of the adjuvant i;; rcl&ised in an initial burst, about 0 to 50% is rsleoscd over r pcrioa of 
abiiut ! to ZOO days, and the remaining adiuvant is released in a second hurst after about 1 lo 
700 ilayt 

3 0 Anoihcr aspect vf :h- invention is a (composition cpmpnsing about one to 100 

adjuvants encajisul;' ted in a mixture of abo if '.wo to 50 PLOA microsphere popula\iyD5, 
svhcnein 

the ratio of la2:ide lo glycoHdc is from about U*^:0 to 0: 100 weight percent, 

ihe inncrcni %'iscosity of PLGA polymers usrrl in ihe microspheres i.s about 0.1 ro 1 ,2 

3 5 dlVg; 

the tncdian diameter of the cnicrosphcres is from ahrwi 20 to 100 mm; and 
the adjuvant is released from the microopherci ir. a tr;phaMc paitem. wherein about 0 5 
to 9^% nT C>c artjuvant is relcnscc ir an initi.il b\:r^U aDout 0 to ^0% is releawtd rv«r a period of 

-3 



200® 



WO95/1100B 



PC7/tS94/11674 



about i to 200 day^. and the remaining adjuvam is released in a second burst in one 
microsphere populanon after about 1 id 30 dsys, in a second microsphere poputaiion after about 
30 to 90 days, ard in artrliiional rnicrosphrre populations attcr about 90 to IBU days. 

Another aspect of the invention is a cv-)mposinon comprising poly CD-L-luctidc-co- 
5 glycoiidc) (PLGA) rrucrosphcrcs encapsulating an adjuvant, wherein 

rhe ratio of lactidc lo glycoiidc is from about 100:0 ro 0, 100 weight percent; 

the inherent viscosity of PLXjA polymers used in the miCTosphcre*; is about 0 1 to 

the medlar diameter of the microspJicrcs is from about 20 to 100 mm; and 
1 0 Ojc adjuvant is conrinoously re leased from the micro spheres over a period of about 1 to 

200 days. 

Another aspect of the invention is a method for encapsulating adjuvant in 
nicTOSphcrcs. camprUing 

(a) rlissolving PLGA polymer in an organic solvent to product a solution: 
15 (b) ioding adjuvant to rhe solution of (a) to piodvce o PLGA-adjuvant mixture 

comprising a first emulsion; 

(c) adding the mixrure of step (b) to an emulsifvcation bath to produce a miCTOSpberej 
comprising a second emulsion; 

(d) hardening the micmspheres of step (b) to produce hardened microsphcrca 
2 0 comprisi ng cncapsuUtrd adju vanL 

BRIEF DESCT^TFTION OF TOE ERAmMGi 

Figure 1 i.s a diagram depicting the butX erosion process for PLGA microspheres. 
PLQA micjuspheres arc sypicaliy hydraicd pricn- to administration. Water hydrojyrci the ester 
linkages ir. ibc PLGA baclcbone as shown in Ihe injci diagram resulting in a bulk erosion of 

2 5 the polymer over time The mtc of hydmlysis depends upon the >^atcr content of the 

microq>herc^. Lie solvent rnvironmenf (r g.. pH). and the icmpcra-tUTc. Tnc number of 
« lesions in the polymer bncicbone rcr^iircd to cau.se fragmenraTirn of rhe jnicrosphcrcs is 
dependeni inc polymer molecular weight 

Figure 2 is a diagram depicting in vivo dcjn-adution rate for PLGA potvmers modifiwl 

3 0 from Mtller e-. al. ( J Biomei Matrr Res^ 11:711-719. 1977). The X-a^is represents the 

relative ratio of either lactido or glycoiidc for each PLGA. The slowest dej;radatinn rates for j 
givrn polymer molecular weight occur for the polylactic o.-id (PUA) nnd polyglycolic acid 
(PGA) sysrrm^. The fastest degradation rate was achieved with PLGA containing an equal 
molar ralic ci .aclidc and glycolide. The in vivo hnlf-tiine to complete dcgradaiion wa^ 
3 5 mcLSUicd b>' *n:>to|ogy studies in mts 

Fijiure 3 is a diapram dspictinp the microsphere production process using a double 
emulsion meilioa. PLGA poiymcrs at diffcienc molecular u tight; were addod to mclhyfcne 
chloride unrt altowcd to dissolve A solution of udjuvanl was then injected into the methylene 
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chioridc «*hilc bomogeriizing. The hornopsnircd solution was iddcd lo a poly>inyl nlcohoi 
(PVA) solution. The PVA solution was saturared with methylene chloride (1 .5*^ v/v) for sor>e 
experimcnis. The PVA and polymer solutioas were mixed in a one liter fcrmentcr to form Lnc 
finaj wBter-in-oil-in -water crnulsion. The resulting microspheres were then fror.ifcrmJ LO Uk 
5 hardrning bath which contained an excess of water in extract the rcmaiDing mcihylme chloride. 

The hardened microspheres were then waxhcd and dried by Fyophilizatjon or low tempcfature (5" 
C) nitrogen (fluid ized bed) oi vacuum drying to produce the final mjcrospherc.^ for in vivo and 
in viTTO analysis. The items listed in italics are the variables for each process step. 

Figure 4 is a dibgram dcpiciirig an air lih (fluidiscd bed) drying system for 

10 nnrogcn dT7ing of PLGA rmcrosp hexes, (a) Slurry from a diafiltration unit is pumped into the 

cn amber with the upper piston (b) aboT/e the inlci. The upper piston is then moved down ai\d 
the excess liquid is prcssuriz-cd out by applying nitrogen through the upp>cr inlet (c). The 
airflow is then redirccicd to iuipcnd the microspheres by purging with nitrogen through the 
lower in«t <rt) and rd casing 'he nitrogen rhro'Jf;h the upper inlcl (z). After cojnpJe:e drying ( I 

15 to 2 days), the dry powder is rcrrwved by placing a coltection vessel (side arm flask, not shoiAT>) 

on the ouJcu moving the upper piston (b) above the outlet. nr\d applying nitroEen pressure at 
the lower inlet (d) while puliing a vacuum on the coilcclian vessel. Altcmaiivcly. \hc drier can 
be designed with both pistons welded in place aiwl Ihe upper piston located above the inlet for 
the slurry. After pump;ng m ihc slurry, ihc slurry oui-lrr .«;ide arm is then sealed hy a valve 

20 during drying. 

Figure 5 is a graph depicting Ihe ctfcct of micmcncapsolation on the immurogcnicity 
of MN rgpl20 and Q521 a.-t measured by antibody tilers to MN rgpl20. Guinea pigs were 
itnmunized at week 0 with MN rgpl20 in different fonrulations: 15 ^g of encap.«;ulated and 13 
LLg of soluble MN rgplIO (O). 30 pg VfN r£pl20 with 60 jig alum (control A), ^0 ug c: 

25 encapsdalcd MN rgpl20 (•). 30 fig of rricapsulated MN rgpi20 and 50 \iq of soUtble QS2I 

O. and 25 »Xg of encapsulated MN rgp;20 and 19 |ig of crcopsulaled QS21 m the same 
microspheres TheMN igpl20 encapsulated formu-latior woa produced with 2 50:50 m:ifS 
rauo blend of 12 kX)a (75 25 lactidc plycolidc) and 100 kDn (75 25 lactidc: glycolidc) PLGA 
from Bochringci Ingelhcim (BI) (5 0% w/w MNrgpl20). Tlie MN rBpl20/QS^i e.ncspsulat^d 

3 0 fonnulaiion ci>n-Sisted of both MN rKpl20 and QS21 in the same microspheres ^A,hich were 

made v;ith a 50:.50 mnss rcro blend of 12 kDa {It. 25 lacudc: glycolide) and HX^ kDa (^5:2,5 
lacude: giycohde) PLGA frcm B! (2 5?r w/w MN r^ilO. \ 9% w/w QS21). 

Figure r> is a graph depicting ine effect of microencapsulation on ihe immiinogeni=:iy 
MN rgp)20 and QS71 -ts mcosured by antibody titers to the V3 loop of MN rgpTXO. Guinea 

3 5 pigs immunized at week 0 with MN rpp120 in different forn;ulations: 15 Mfi o* 

cnciipsuiated end 1 5 pg cf soltbic MN rgpl20 O). 30 MN rgpl20 with 60 ^ig alun 
(ajnirul. A). 30 ^g of encapsulated MN rRpI2n {•). 30 |jg of encapsulated MN rgpiTO Lnd 51 
ag of soluble QS21 <0). and 25 KS «f cncnpsuUrcd MN rgpUQ ar.d 19 Mg n: trcapsulaied 
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QS21 in tne same microiphercs (■) The MN rgpl20 cncopsuliicd fonrtulaiion was produced 
with ii 50:50 ir«s ratio blend of 12 VDn (1^:25 lactidsiglycolide) and 100 JcDa (75:25 
lactide gl/culide) PLOA from Bl (5.0% ^)vAv MN rg.^IZO). The NTN rgpl20/QS21 encapsulated 
fortnulaoon coTisistcd of both MN rgpl20 and QS21 in the same microspheres which were 
5 Mde wilh a 50:50 mass ratio bknd of 12 kDa n5. 25 lac*adc:glyco]idc) and 100 kPa r75:25 

lacbde:gl)-coljdc) PLGA from Bl {Z5% w/w MN igpi20. 1.9% w/w QS21). 

Figure 7 is ■ graph depicting continuous release of inDraniyl dipepiidc CMDP) from 
PLXjA HiicrosphcTcs. PLOA (12 IcDa, 65:35 lactide:glycclidc. Medisorb Technologies 
Iniemational. I-.P. (MTI) Lot# MFE 93-2) was used to pioduce microspheres wich 0.89t (w/w> 
10 MDP. The mic*-uspheies %v*cre analyzed for loading: release immediately after production. 

The straight line lias a slope of 2.03%/day wich an R2 fit to the data of 0.934. 

Fig are 8 Is a revcjrsc phase HPLC cliromatograrti comparing MDP released from 
PLGA mr era spheres to controls. The NfOP e.ulcd at (5.6 and 92 minutes); the additiona. 
peAk< were from the release media (2.6 and 5.0 minutes) and the breakdown products of Lhc 
15 PLGA (7.0 minutes). The solid line represents [he control sample consisting of MDP 

incubtled at 37** C in release media M^lth placebo microspheres. Tlie dashed line reprcAcntt the 
chromaiOEraiii for the MDP released inidally from ihc PLGA nicrospherts. 

Figure 9 is a reverse phase HPLC cbroniatogram comparing QS21 released ff-om 
PLGA microspheres mode witli methylene chloride and a reaction kettle to contixils. The 
2 0 species which elutcd at 13.4 and 13.9 minutes ire i5omcr3 of ihc intact QS2]. Earlier e J udng 

species are hydrolysis products fiofn Q521. The solid line represent* the control sample 
consisting of 0S21 iiicubatcd at 37" C in release media with ploccbu microspheres. The dashed 
line rtFTC»Qnu the chroinaio gram for the QS21 relceseu initially from the PLGA microspheres. 

Ftptite 10 is a reverse phase HPLC chn>maiogram comparinE QS2] released from 

2 5 PLGA microspheres made with ethyl acetate and a siati;; mixer to controls. The species which 

c^uted at n 4 aiid 13 5 ninulcs arc i5omcr5 of the ir.tact 0S2I. The corljcr eludnp peak (10.7 
min'jies) i;^ derived from the hydrolysis of QS21. The solid line represents the control .sample 
consi filing uf QS21 incubated at 37* C in lelea.te mrcia with placebo microspheres. The dashed 
line represents the chromalograin fcj the QS21 released iniually from Ibe PLGA xr-icrosphcres. 

3 0 pETAflJ FD DHSCRIPTIQX OF THE PREFFRRHD EM BOD IMErTTS 

A nmvrnoNs 

Tha terms "pojylactide" and "PLGA" as used herein are usol imcixrhaiigcabiy and are 
intended lo refer to a polyn^r of l»ciic acid alone, a polymer of glycolic acid alone, a mixture rf 
such pnlymcTS. a copolymer of giycoiic acid and lactic acid, a mi^tnre of such copolymers, or 
3 5 mixture of such polymers and copolymers A preferred polymer matrix for formation of the 

micrcshperes of the insiotfit invention is poly(D-I .-^»ciidc-co-glycolide) 

The term "adiuvan:" used herein Jenotcuj, a substance that .n itself share.^: no irrmunc 
rpiiopes with sn antigen of intercut, but which stimulatt-s the immu:>c response to the anti^n 
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of inicresi. 

The term **antigcn" as used hcx^tin dcnoici n co-mpound coTxioijiing one or more 
spilopes against which nn immune response is dMirrd. Typical antigen? will include nucleic 
acids, proteins, polypeputJcs, peptitles, polysaccharidca. and hapten conjjgatcs. CompleA 
5 mixtu.-cs of amigcns arc also included in this dcfiniiion, sacti as whole killed cells, bacteria, or 

viruses, or fnciions thereof. 

The term "Iherftpcutic arncmjii" as used herein dcnoles an amount that prevents or 
ameliorates symploms of a disorder or responsive pathologic physiological condition. In 
ceruun crDboJimonts of the present invention, the amount administered is sufTicicm to raise an 
IC immune response which subsiantifilly prcvcnLs infection or the spread of the infectious; agent 

withm the rccipicni. 

The lerm "polyol" as used herein denotes a hydrocarbon including at leasT two 
hydroxy Is bonded to carbon aionnR. Polyols can include other ftincnona) /groups Examples of 
polyoJs useful for practicing the instant invention include sugar alcohols succi as manniml axid 

1 5 trehalose, and pnlyeihcrs 

The torn "polyclhcr" as used herein denotes a hydrocaroon containing ai least three 
cLhcr borids. Poiyelhcrs can irKludc other functional jixiups. Polycthcrs useful for practicing 
the invention include polyethylene glycol (PEG). 

The tcmi "dry anUgcn" or "dry adjuvant" as used herein derKJtes an antigen or adjuvant 
20 which has been subjected to a drying procedure such as lyophiiizalion S'jch that at least about 

30% rrf its moisture has been removed. 

Thc term "encapsuladon" as used herein denotes a method for farmuiating an active 
agent such as an adjuvant or antigen into a composionn useful for controUed release of the 
active aficrt. Examples of encapsulating maieiials useful in the insuinl invention include 

2 5 poWrr.srs or crnwlymcrs of lacoc and glycolic acids, or mixtures of such polymers and/or 

copolymers, corr.nionly rcfcrrcc to as ^'polylactides-^ or 'TLGA alchough ony polyester or 
ether encapsulating material may be used. The tcnr "c^cncaFSoliHior" as used herein refers to 
the incorporation of two or more active agents, such as adjuv^ni ar>d antigen, more than one 
□nUigen. more thjn one adjuvani. ci:;., m:o the same microsphere. 

3C The term "artmixinR*' as used herein drnoles the atidiiion of an excipicnt lo an anug^n 

or adjuvant of interest, such as by mixing c( dry reagents or mixing of a dry rcagen \vith^a 
reagent in solution or suspension, or mixing uf aqueo*is formulations of reagems 

The lenn "excipieni" as used herein denotes a non-thcrapcniic carrier added ;o a 
phaimaceLrjcal compositior that is pharm-csutical'.y acceptable, i e.. nor-toxic u> recipient at 

35 ihc do&oges crd conccntrDtions employed. Suitable excipicnts and theii formjlatlon arc 

ccscribcd in T^PTT^ ingtm's Pharmaccuiical.S clcncgs. 16th ed . 1980. Mack Publishing Co. 
Oslo, ci al , cel. 

T^e term ' organic solvent" as u»cd herein is intended to mean any solvent containing 
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15 



20 



25 



30 



carbon compounds. Excmp.'ary organic solvenis include haloge-natco hydrocarbons, ethers, 
esrcr^ alconols and tcioncs. such a^.for example. mcthyJ-nc chlnririr -thyl acctmc. \i mwiurz 
of ethyl acctais and benzyl alcotjol or ncctonc. dimclhyl sulfcxiric, tctra-hydrofuran. 
diTnethylformajTJde. and cmanol 



mixing a dry antigen or adjuvant vith an organic soIverL cr makjrg an emuLsion of an antigen 
oradjuvani in in aqueous formulation with an organic solvent, creatjng on interface bct^veen an 
anrigcn or adjuvant in an aqueous formulation with an organic solvent, orextrocting an entigrn 
or adjuvant from an aqueous fominlaiion with an organic solvent. 

"Polypcplide" us used herein refers i^nerally to peptides and proteins having at least 
about two iimino adds. 

'*Vtrcine" as uicd herein refers lo a formulation of an antigen intended to provide a 
prophylactic ot ibcrapeutic response in o host when the host is challrnged with the antigen. 
Exemplary vaccines in-cluris vaccines directed against juch diseases as hepatitis, polio, herpes, 
foot and mDuiii aiseasc. diphtheria, tetanus, pertussis, artd malaria, and infection with such 
agents as cytomegalovirus. HIV, and Marmaphiluj sp. Preferred vaccine* herein include £pl20. 
vaccinia viriis-HTV env recombinant \'accine. ard gpI60 

"Fluid i zed bed" used herein refers generally to a bed of granular particles through 
which a stream of gas is slowly flowing upward, such that with further ircrerse in gas velocity, 
the pures and channels enlarge and the particles become rTK>re widely separated. Included in this 
definition are fluidizrd- or fixed-bed conrigurations, including but not limited to slurry and 
iricklc-bed reactor syitcms. Gases used in the fluidized bed arc preferably mtrogen, oxygen. ar>d 
carbon dioxide, although any dry gas wnich facilitates removal cf water a.id/or other solvent*: 
may be used. Tlie meihodo'rogy for designing a fluiditcd- orf.xcd-bcQ syst«m is widely known 
in the art, as aie examples of floidizcd-bed systems useful in practicing the instant invention 
(see. for example, Ferry &. Chilton f Chemical Engineers' Handbook. R. H. Perry <Sl C H 
ChiKon, Eds , 5ih Edition, pp. 4 20 ^-40, 5-52 - 5-55. 19^3). 

Tlic lerm "h^xJcn" as used herein in reference to microspheres refcrji to the extraction of 
excess organic solvent from 'he polymer phase. 



p.-'otocol briefly outlined in Figure 3. In yimmary, PLGA of ihc desired ratio of lactide to 
glycol ide .'about 100 0 to 0:100 wejght peiccm, rrorc preferably, about 65:35 to 35:65, inost 
prefer:ihly about 50:501 ard inherent viscosity (geneially about 0.; ;c 1.2 JI7e, prefcranlv 
about 0.2 to 0 8 dLVg) is first dissolved in an organic solvcn: 8iich as metnylcus chloride, or 
cihyl ocetaie witn or without benz>'l alcohol or acetnne to the desire a concentration Cgencrany 
about 0.05 lo 1.0 p/irl,, preferably about 0 3 to 0.6 p/mL). A concentrated antigen or adjuvan: 
aoiuiion <fcr example, typicaily at lea^t 0 I mgVmL for polypeptide?:- preferably greater than 



Treating" an antigen or adjuvam with in organic solvcnr as used herein refers to 




In general, n'icrxjcncapsulilion of an cr.ti^cn or adjuvant is ocrformed according to the 
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sbout 100 TTigAnL, deprndirt;, fcr e^AmpIc on the tvpe of polypeptide and the desired core 
I^;i0ing) is Uicn suitably injected (such as w\\h a 25 gauge needle) into the polymer solution 
*>. hilc bomogenizirs at aboui 15,000 Co 25,000 rpm. Dry antigen or Adjuvant can be used in 
piacc uf aqueous nmigen ^ adjuvant. After hoinog en ization (generally about 0.5 to 5 Ttinnres, 
5 more preferably fci 1 mtnuic), the smtlston is added to Ihc reaction kettle (cfnuhifi cation bath) 

o: siaix: mixci (ncl shown) to fom a second c-nulsioi. The cmuisification bach is typically a 
polyvinyl alcohol solurion. optioiially including ethyl aceiaic. The reaction Ic^tile is mixed at 
high speed (generally abojt 1700 to 2500 rpm) to gencraic sinali microspheres (about 20 to 
TOO mm median dj&rneter). The second emulsion is tratisferred to a hardening bath after a 

10 sufficient period of time, generally about 0 5 :o 10 minutes, preferably about 1 minute, and 

allowed ID gently mix for a suitable litne, generally about i to 24 hours, preferably about I 
hour. When harccning Is complete, the microspheres are prcfiltered (such as whh ■ 150 mm 
mesh), c;oncentrBted and dieTJtcred. Diafilterinc i:^ iuihably accomplished in an Amicon sdrred 
cell f2500 mL), prclerably with abcr\jt a 16 or 20 >im filter. The TPicrospheres are washed. 

15 typically with about I lo 100 L. preferably abaut 15 L of prcfiJtcrcd water and typically with 

about 1 lo 100 L, rw»re preferably 15 L of 0.1% Twccn® 20. The final iricrosphcics are 
removed frtJin Ihc filter and resuspeadcd in water and filled in vials, preferably at about 500 mU 
vial it 3 tw vials. The microspheres can then be diicd. Drying includes such methods as 
lyofThilzation, vacuum drying, tnd llutdiTcd bed dryir.g. 

2 0 Tarcc other exemplary met^iods can be employed lo produce microsphertn. The first 

mcihod utilizes a solvent evaporation techniqoc. A solid or liquid active agent is added to an 
organic solvcn*. containing the polymer. The nciivc jgcnt is then emulsified in thr orgairjc 
solvent. This emulsion is then sprayed onto a surface lo create microspheres and the rcsimiat 
organic solvent is removed under vncuom The second method involves a phase-scpararion 

2 5 process, often rcfp-rrcH lo as coocervaiion, A first emclsion of aqi;eous or solid acuve agent 

dispersed in organic solvent containing :he polymer is added to a solution nf non-solvent 
usually silicone oil. By employing solver.rs that do not dissolve the polymer (non-solvcms) 
but extract the oiganic :ioIveni used ro dL<:y.olvr the polymer (eg mcthylcrc chloride or ethyl 
acetate), the polymer then precipi'^aies out of soiuuon snrl will forrr: microspheres if the process 
3C occurs while mixing. The hir.l mcthrd utilizes a coatirg technique. A first emul.^ior. 

comprising the active agcnl dispciscd in a organic solvent w-ith the polymer is proccsFie^i 
through an air-^uspcnsion coatcr apparatus rcsutiiny m the final microspheres. 

Whcn aniigcn and adjuvant arc lo be adminisrcred from within the same microspheres, 
a solution containing huih anTigcn and arlfuvanl or jo'iuiions crnuiiing antigen and adjuvsuii 

3 5 separnicVy can be added to ibc polymer solution. Simitiriy, soluble anogcn and dry adjuvanr, 

dry antigen and soluble adjuvant, or dry ;uitigcn and dry adjuvant, can be used. The muio'iphcrcs 
of the inF^ianr invcnripn : re prcfcrob.y rormcd by a warer-in-oli-in-watcr emulsion process. 

To general, both aqoeoos fc^-nulations and d-y pnlypcptiJe anripcrts or adju^'anli cnn be 
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admix Cfl with an cxcipicni to pravide a stabilizing cffcci before ircatmeni with an organic 
solvent such as methyl tne cMoride. An aqucojs formuiatioii of a polypeptiilc can be a 
polypeptide in suspsnsion or in solution. T/picaJly on nqucoos focmulaiion of the excipienr 
will be added co an cqucous forniulatjon of the palypeptide, although a dry cxcipitnt can be 
5 added, and vicc-vcna An cqucous formulauon of a polypeptide and an excipicnt can be also 

dncd by lyopHiiZArioTi or orhcr means. Such dried formulationi can be reconstituttd inrc 
aqueous fonnulations [>efore treatment with an crganic solveiU. 

The excjpieni used to siabiUzc a polypcpl^dc anDgen of interest -^ill typically be a 
pclyol of a molecular weight lew than about 70,000 kB. Ejtamples of polyols that can be used 
10 include irchalose (copending U.S.S.N. 0SAJ21.42I filed February 23. 1993). manniiol. an6 

polycilTylene gl>col CPHG). Typically, the moss ratio of trehalose to polypeptide will be aboui 
1300:1 to 1:1000. p.ncfcrably about 100:1 to 1100, more preferably aboul i:I to 1:10. most 
preferably about *. :3 to \ A. Typical mass rauos of mannitol ro polypeptide will be about 
100:1 ID 1:100. preferably about 1:1 lo 1:10. more preferably about 1:1 to 1:2. Typically, th- 
15 mass ratio of PEG topclypepade will be about 100:1 ro MOO, prcferabiy aboni 1:1 to 1:10. 

Prrfcrrcd ratios are chosen on the basis of an cxuipient concentration which allows maximum 
solubfliiy of polypeptide with jninimumdcDiliiration of the polypftpricie. 

Tlie formalaiions of ibe insianl invention can contain a prescrvauvc, a buffer or 
buffers, mulbplc cJtcipjcnts. such as polyethylene glycol (PEG) in addition to trehalose or 
20 manniiol, v>r a nonionic surfactant such as TwccntE? surfactant. Nor.-ionic surfactants include 

polysorbatc?;, such as polysort>ate 20 or 80. and the poloxamcrs, siw^h as poloxamcf lft4 or 
188. Pluronic® pclyols, and other ethylene oxidc/propylcne oxide block copolymrr-^ etc. 
Amounts effective to provide a stcble, aqueous fmrnuUtion will be iised. osually m ihc range of 
from about 0.1%C*A ) to aboui 30%(w/v). 
2S The pH of tlie formulations of this mvcrtion is generally about 5 to 8. preferably 

about 6 5 13 7.5 Suitaf)J= buffers lo achieve (his pH inrlude. for example, phosphate, Tri.«;. 
Citrate, succinate, acetate, or histidine buffer;, depending on the pH dcs;rcd. Preferably, liie 
buffer is it) Ibe range of about 2 mM to aboul 100 mM. 

Examples of rjitable preservatives for the furmuiarion include phenol, benzvl alcohol. 
3 0 meta-cresoK xr.eiby'i purobcn, propyl paraben, benralcorium ciiloride, and benzeihonium 

chloride, riefcrred preservatives include aboul 0 2 to 0.49t(w/v) pherol and about 0 " to 
l'^(wYv) benzyl alcohol. aUhoueh the type of preservative arid the concentration range arc noi 
cnlical. 

In general . Ihc formulations of die subject invention can contain other components ir. 
3 5 amounu noi dciractirg from the prcparniion of stable forms and in amounts suitable for 

eifecove safe phannd^cutical adrTiinistrBiion. Kot example, otlicr pharmoceutically acceptable 
cxciptenis well Vnowr to those skilled in ibc an can form a part of the subject compotiTions. 
These include, for exampjc. salts, vancui bulking agents, additional buffeting agents, chelating 
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events, ant:oxjrtanu, cosolvcnts and the like; specific examples of these include tris- 
Chydroxymethyll aminomethanc sales ("Tris buffer"), and diiodi^ erietate. 

Exemplary adjuvanu of interest u!^fu] in liie instnn: invcntnin incJocJe saponin* such 
as QS21. mnramyl dipeptide. rnuramyl mpcptnic, and ccmpocrds having a muramyl peptide 
S core, mycobac:irriaJ extractSt alumiTium hydroxide, proteins sjch as gamma interferon and 

tumor necrosis factor, phospKaiidyl choline, squalene, PluronicO?' polyols, and Frcund's 
adjuvant (□ inincral oil emulsior) (ses the Background section of ihjs applicarion for riferenccs). 
Although ■nligcn is desirably .id mi leistered with ac adjuvart, ia situations where the initial 
inoculation is delivered with an »djuYont. boosts with antigen may not require adiuvant. Pl.GA 

10 or other polymer? can aiso serve as adjuvants. 

Antigens interest useful herein iocludc for example, HIV anrigcns siach as gpl20, 
gpi50, gag, pol, Nef» Tal, and Rev; ma: aria antigens such is CS proteins and aporozoite 2. 
hepatitis B antigcr^, including Prc-Sl. Prc-S2. HBcAg. IIBsAg. and HBeAg; influcnz* 
antigens such as HA. NT. and NA; hepatiTis A surface aniieens; Herpes virus antigcni such as 

15 EBV gp340. EBV gp85. HSV gB, HSV gO. HSV gH, and HSV early proieiu product; 

cytomegaln virus antigens such as gB, gH. and IE prulein gP72: respimory syncytial vims 
antigens such as F protein, G prnicin, and N protein. Polypepddcs or protein fragments 
defining immune epitopes, and amino acid varianrj; of proteins, polypeptides, or peptides, can 
be used in place of full length proteini Polypeptides and peptides can aUo be conjiijjated to 

20 haptens 

Typically, an antigen of irterest will be formulated in PLGA m7Crc spheres to provide 
a desired period of tiir^e between the first and second h^r^^ of antigen and to provide a desired 
amount vf antigen in each burst The amount of antigen in the initial burst can be augmented 
by soluble andgen in the formulation. Preferably, an adJuvAni in micro- encapsulated, although 

2 5 soluble adjuvant can also be ad ministered to the patient. Microspheres containing adjuvant can 

be fomulaied to rclrase adjuvant in a pulse rile manner or to continuoosly release adjy vam and 
c:in be used alnne or in any combinctioi: with soluble aniigcn, m!cro^phcres which 
conunuously release antigen, or microspheres which ;elc^se anucen in a pulsatile manner. 

The microspheres, soluble aniijcn. and'or adjuvant arc placed into 

3 0 pharmaceutical! V acceptable, sterile, isotonic fnrmuiaiions coc=;hci with any r£i4uijed cofac-.DC*, 

aad optionally arc administered by standard means well known in the field. Microsphere 
forrr.uJDtions ore typically stored as a dry powder 

The amount of adjuvant delivered to the pitlicnt to be ussd in therapy wi^l be 
formulated and dosages es^-ablishcd in a fashion consistent wirh good n.edical practice taking 
2 5 account the Hi .-border la be trc-itcd. the condition of iht individual patient, the site of 

delivery, the n^ethod of administration and other factors known to pmciitioners. Generally, 
doses of trom about 0 1 to 1000 mg prr patient per admimstraiion arc preferred. Different 
dosages isLi: be utilized dunnj a series rif «citcr»::ol inDcjl.i tions; the practitioner can 
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adiTttntsier &□ luiiial inocul^cion and then boost with re)ative)v »tfULllcT doses of adjuvant. 

It is cnvisionrd ;hat injections (intrainuscular or sitbcuiiineous) will be the primary 
foute for ihcrapcubc odministration of the encapsulatt^ adjuvant of this inventkrn, alth.uugh 
intravenous delivery, or delivery through catl»e»cr or ether s\irgicat tubing is al^n jsed. 
5 AI:ernativ- rouTes include sLSpcnsions, laWcis, capsules the UXc for oral sdminisLration, 

commcTcia]Iy available nebulizers for liquid formulaiions, and inhalation of lyophilized or 
acTDSQli^ed inicrocapsclcs. ond suppositories for rcctak or vagmel administration. Liquid 
fonnulaiions cin be utilized after reconsiiiuiion from powder formulatiors. 

The eJeqijacy of the vaccination pararncters chosen, e.g. dose, schedule, adjuvani 

1 d choice and the like, can tr, determined by talcing aJiquois of scram frmn the patient and assaying 

artibody tiers durin£ the course of the immnnizjjtion prograjii. AJtcma-iivcly, the presence of 
T zelh or other cells of th^ imtniirtc system can he nionitored by convcnoonHl methods. In 
gddiuar. the clinicai condition of the patient cm be monitored for the desired effect, c.r. anti- 
infective effect. If inadequDte vaccination is achieved then the patient can be brxjsted v^itn 
15 further vaccinations and rhc vaccination parameters can r>c modified in a fashion expected m 

potentiate the immune response, c g. increase the amonm of anogen and/ur adjuvani. complex 
the antigen with a canie: cr conjugate it to on immunogenic protein, or vary the route of 
admiaJsUi'^tion. 

The degradation raic for the microspheres of the invention is determined in part by the 

2 0 ratio of lacliiic to gJycolidc in the polymer and the molecular weight of the polymer. Polymers 

of different molecular weights (or inherent viscosities) cnn be mixed to yield a desired pulwrile 
degradation profile. Funhemiore. populations of microspheres designed to have the second 
hursi occur at different limcs can be mixed lopcthcr lo prt-'Vidc mulnple challenges with the 
antigen and/or ndj'jvant at desired intervals. Similarly, m;xlurts nf ait:jpens and/or nrijuvants 

2 5 can be provided cither icgcther In the same nr.icrosphcres or e* mix tores of microspheres to 

provide mul:jval'?nt or combinaiion vaccines. Thus, for example, rather than receive three 
immunuaiions with traditional DTP (ritphthcnu. tetanus, and pcnus-sis) vaccine ar 2, 4, and 6 
months, l sinpir inicmen-capsi-latcd vaccine can be provided with micror^pheres liiai (ircvidc 
secoiK] bursr.s at 2. -i. ind 6 months. Microspheres c^n be fonnulutcd which provide adiuvani at 

3 0 similar puls:iiilc In'.crva'.s, or for con:)nuoLis rclcrsc over a penod of. fr>r example, 1 to 200 

days. 

The nirrospheres nf the insianl invenron cun be prepared in any desired sj£c, rru>ginE 
from about 0 I lo upwards of aoout 100 nrm in diamprer, by varying proces!* paramcicrs such 
as stir speed, volume of solvent us*d in tnc second cmuisior step, rcmpernturc, concentration of 
3 5 PLGA, and inherent viscosity of the PLCA polymers The rclotiorship of these parameters is 

discussed in detail below. TSe microspheres of ihr in.stant invention ore of a median diameter 
of ger»craMy ahout 20 lo 100 mm. prcfcrahlr nbout 20 50 mm. more preferably 30 nnm 

Further details of the invention can be foiird in the follnwing cxomples, v/hich fjnhcT 
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dcftne ihe scofw of the invcnuoo. All references cited herein are exprewly incorporared bv 
reference in Ihcir entirely 

1. MATERIALS AND METHODS 
5 A PLQA 

Pc]y (D-L-laciidft'Cfvglycoiirie) (PLOA) was purchased from both Roehnngcr 
IngeJhciin (BT) and Mcdisorb TechnoJogics IntemaDonal L.P (MTI). Various molecular 
weights and ja-ddt to glycolide ratios of PJLGA wr^crc ustd to assess the effect of Ihcae 
parameter) on Ac microsphere properties (Table 1). PLGA at 12 kOa and 100 kDa were 

10 obtained from BI, and PLQA at 18 KDb and 100 kDa were obtained from NfTI. Tbe polymer 

composiiions wers cilhcr 50:-V) or 75:25 lactidc:glycolidc. The 10% polyvinyl alcohol 
solution (PVA Airvol 205. Air Products) was prepared by dissolving solid PVA in warm wairr 
(about 80* C). The final PVA solution was filtered with 0.22 (un Millipak f)l;ers from 
MUiiporc Methylene chk>ride (technical grade) was purchased from Baxter S/P. Ethyl acetate 

1 5 was obtairv:d as HPLC grads (Baxter B <t J Brand). N-acetyl muramy l-L-alai>yl-D-isx>g!u;aminc 

(MDP) was supplied by Sigma ChcmicAl Co. (Lo:0 9C*nO203i). 

Table 1: Polylactlde-cogJycoHdc (PLGA) Used for NXicrosphere 

^'ormulations 



20 


Vendor 


Inhcreru Viscosity * 


Molecular Weight ^ 

rkD3> 


LactidcrGlycolidc ^ Lo! # 


BI 


0.21 


12 


48:52 


15068 






N.A. 


12 


75:25" 


15056 






076 


100 


48:52 


03076 


25 




N-A 


100 


73:25* 


15045 




MT! 


0.24 


18 


50:50* 


622-84 






0.21 


24 


72:27 


622-92,^ 






0.75 


95 


51:49 


S21768174 






062 


100* 


74.26 





3 0 * Inherent viscosity of polymers dissolved in chlorDform. Js A. deroies not available. 

^ Molecular weights were determined by using gel permeation chromatography with 
poly:»tyrcnc siandards. Polymers djssclvcd and analyzed in methylene chlorx^e at room 
icmpcrutun:. Molecular wcigbl shown is a weight average value. Values fir BI rolymris 
are oppro;iimale since speciftcoljons were not included with the product*. 

3 5 c Lactideitlycolidc molar ratio in PLGA as incasured by vender is usually wiihin of 

specincations. Specifications arc either 50' 50 or 75:25 lactidc glycol rie for these 
polymers 

Estiinotctl vatucs biiscd on sprcificatiois frr pa'.yn-r lypR Actual values not available. 

4 0 MN rgpl20(Lorf* Y165'^1<G90557) was supplied in bulk ut 2 3 mg/nvL proTcn in 20 

mM Tri.s. 0.I2C M K.iCl. pH 7.4 from Gcncntcch, Irc. It was concentrated ^\<h a Arricor 
ctirrec ceil conccnrraior usinfi a YM 30,000 JvTW cutoff membrane at 4' C to a firial 
conrrntraiinrk of ) 5*1 ing/inL and stored at 2 to 8°C- 
C- Preparation o f OS21 

4 5 l,yopht|i7cn Q521 (about ftC^ pure. Lot# D194<?') was supplied from Cambridee 
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Biotech (Cambridge MA). QS2\ was prepared at 203 mg/rr-J, by dissolving the lyoprnlir.ed 
QS21 powder in 5071- eihar.ol/ warer QS21 wtls aJso dissolved ir 50% ethanoi with 20% 
TwcenOO 20 in an aiicmpi to increase the cnccpsuladoTi cfncicncy and release rate. Tt,e Q^2\ 
solutions wtr« prepared and used on Ihc same da> as the cncapvjUdon. 
5 D. Micrpencapsulation of gpl20 

The produciion of rgp 1 20 rnicrosphcrcs was performed by a du ublc cmuhion wtier-in- 
nil-ir-watjcr (WOW) as discussed atxive m general tcnni. Moic specifically, the PLC A 
conccmrarions in methylene cKIoride were 0.3 cr 0 6 g/mL. and the Cirsi emiilsion was 
homogfnized at 15.000 rpm at>d 0 to 1 ' C In a w^rtr bath Mlcr 1 minute of hcmo^enizadoa, 

10 the first emulsion HO mL) was added to 900 mL of 10% PVA soiurirm containing 1.5% 

methylene chloride anc emulsified at high speed ;800 to 2500 rpm) for 1 rainuxe in the reaction 
kctllc (2 lo 8** C). To improve the encapsulation cfTi-ciency, the second emulsion was ^so 
performed with 10% PVA thai did rot r^ntain rr. ethylene chJcmde and die lempwatTirc of the 
second emulsion was maiotaincd at 0 m 3*" C. To achieve the reduced temperature, the ethylene 

1 5 glycol in the cooling jeckei of the reaction kettle was kept £i - 15" C. The second emulsior was 

then iransferrtd to the hardening bath conuining 12 liters of picfiltcred water ("MilliQ warer 
sysrcin, MillipCKX Corp.) at 2 to 8** C. The microspheres were allowed to harden for 1 hour 
The haxtencd micro spheres were ccmcrnTratcd to oboui 1.5 L and diafiUercd against 15 L of 
prenitcred water followed by 15 L of 0. 1 % T .vccn*r> 20. The Amicon .ntirred cell (2.5 L) wis 

20 operated with different filter systemi dcpcndirc up3n the desired pnrticle size. After washing. 

the microspheres were conce:irratcd in drynesi. 11 kj concentrated microspheres were removed 
from ir.e filter by using a cell scivnoer and rcsuspcndcd in prePlierrd water to about 0 3 gnVuiL. 

Three different drying methods were used to dry the niicrojphcTcs: Ivfiphiliiation, 
vacuuTi OTytQR. and fluidized bed dt> ing by u.sine the system shown io FSgjre 4- or a 5 mL 

2 5 Arr.icon stirred ceil. A suspension of the final riicrospherej was added to the airlift drier 

(Hfiurc 4; or a stirred ceTl arid the residual liquid was removed by aF>filyirg a slight (abojt 2 psi) 
nitrogen pressure to the column (nitrogen flow downward). After the residual liquid was 
removed* th« nitrogen flow was directed iipwird through the airlift drier cr AiTlicor snmed zzU 
lo suspend the microsphere* The nitrogen line was connected to z. prefilter (0.22 ^im) for the 

3 0 stirred cell and a dcsicc.-n;ng column **-.th prerlUer'; :or the ntrlifl drirr .\ wa:er bath was 

nnnnctlcd :o the jacket of the cirlift drier to majnrofn ;hc system at 5^ C. The Amicon &i:rreci 
rcll dnin:; \^'as pcrfnTrried jn a 2 :o g** C cold rnom. A t'cw batches were niso vacuum d.'ied at 
higher tcmpemtiires (IO'' C or 15" C- to .«peco up the drying process without .ncrcasiTig thp 
initial bjrst. 

3 5 b- Encapsjli*[ion of QS2 1 

QS2I was dis.solvcd in 50% einanol wuh cr without Twccn<?: 20 Jcsciibed above 
As wi;h the rgpl20 solutions, the QS71 srluiinn was injected into the polyircr pha^e For iHc 
microsphere preparations cor.taining bcthrgplZO ard QS21. the rgpl20 solut.on was injected 
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imo Ihc poiyTicr phase after Ihe QS21 solution reduce rhc poieniiai interaction between 
rgplZO djtd tlic cihano) in ihc QS21 solution. 

The cncapsulaiinn of QS2I by itself wb* performed by iwo different waier-in-oil-m- 
watcr meihods. The first method was penormcd with methylene chJonde arxj a stirred t^rk as 
5 ihc rcaciioc xcctlc. A 50.50 moss ratio of 100 IcDa PLGA (Lor# 150^5, 75 25 

lactidc glycolide) and 12 )cDa PLGA (Lot*^ 1 5056; 75:25 laclidc:glycolidc) from Bl was used for 
Ihe cucapsuJation. A tntal nXiA mass of 3 ^ was dissoivcd in 5 ttL of methylene chlondc. 
after «vhich OJ mL of QS21 solution (200 mg/mL QS21, 509fe cihanol) was injccicd into ihe 
PLGA solubon at l"* C while homogeniunf at 15,000 rpm. The mixture was hocnugeiiized for 
1 0 1 rainuic and then transfirrcd by injection into o 1 -liter fermcmor (LH Fermentation) ccntuning 

10% PVA. The fcnncnior was operated at 2500 rpm and I' C during and after addition of :he 
QS2I/PLGA solylion. After mbung for I minute, che microspheres ^vcre iransfcrred to J2 Lof 
prcnllcred riisiillcd water (MilliQ water, Millipore Corp.) in a stirred tank at C. The 
microsphcirs were all n wed to hardcD for 1 hour at 2-8° C. After hardeninp, the microspheres 

1 5 were filtered with a ]50-um nylon mesh and then ultrafiltcrcd in a 2.5-L Amicon stirred cell 

w;ih a 0.22-iJ.Tn filter. The mjcrosphercs wen: :hen diafiltercd with )5 L of picfjitcrcd distilled 
water CMiliiQ water, Milliporc Corp.) and 15 L of 0.1% Twccn 20, a^d then were vacuum dried 
at 2-S^Cfor7days. 

The spcond method for encapsulabon of QS^ 1 included the use of ethyl acetate instead 
20 of TT.c'.hylene chloride and a static mixer in pince of o rcnctian kettle for formation of the final 

cmuUion. A .iO:!^0 mass ratio of 12 WDa (0.2 IV, 6.^:15 Iacudc:glycolidc. Lot# MPE93-2) and 
100 Vr)a rO 61 rv, 65:35 lactidc:gl>rolide. l.ot# S2073SJ 153) PLGA from MTI was used fo; 
llie cricjpsuUlion. Thr total Pl.GA mass (3 g) was dissolved in 10 mL of ethyl acetate. The 
Pl-G A solution was cnolcd to 1* C and mL of the QS?1 solution (200 mg/mt. QS2 1, 60% 

2 5 cihanol) was then injected while hoir.ogcniring at 15,000 rpm. The PLGA solution was 

homog^enircd fi>r an additional minoic after ihc injection ot Tne homogenized 

QSZ1A*LGA solution wa^ then emulsified with PVA in a static mixer to forn; tne 
microspheres. This e;nulsifi-cation Rtep was performed by pumping PVA C10% ethyl 
ut:etolc, 3" C) at 1.5 L/minute into a static mixer (Koch Engineering, 0^x11 cm>. The 

3 0 QS?-V'PLGA was also pumped into the irJel of the static mixer ai 7.5 mL/mimjic Tne. outlet 

of ihs r.zhc jnixt:r was connected to a prcchillcd stirred tank Oiaidening bath> with 12 L o f 
prefiiicred illsUllcd waicr (MilliQ water. Millipore Corp.) at 2-8° C. The pumptne process wus 
compieie in 1 minutes 70 sec. The final microsphcrss were aflowcd to harden in lbs sdrrcH 
tank for • hour ai 2-&* C while nitroQen was passed across the licjcid SLrfacc. After harticning 
35 the Tr;rrosph=re? were filtered Lhiouga a l5C-^m nylon mesh and then uliTafiUcrcd ir a 2.5-L 

Amicon stirred cell wnh a 20-Mm stainless steel mesh (Tct<o Corp ) The rcioldr.g 
microspheres wcjie then diafillcrsd with 30 of 0. 1 % Twcen 20. The mxroscheres were then 
dnctl by lyoph.lization or flu: di zed bed drying with nitrogen. 
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F. Microsph ere Si ze AnaJvsi^ 

The apparent c5t3meter?i nf microspheres in w»ter were measured by- using 3 Brinkmann 
Particle Size Analyzer Model 201 0 (Lens A, 1 lo 1 50 >Lm ranee). 
G- Scyi^ip g Electron Micro5CT*pv o f 

5 Micngspheres 

The buc ai\d appearance of the dried microspte'cs were analyzed using Phillips Model 
525M SEM. The micTOSpiieres were coatrd to a thickness of 10 nin with coki-pajladium using 
HummerXP, Anatech. 

H Micrnsphere luffing and Release 

10 Chararleri5;tics for NiN rgpllQ 

The protein contcci of the NIN rgpl20-PLOA microspheres wai; determined 
follows. Dried microspheres were added (10 to 20 mg) to 1 mL of i N NaOH and allowed to 
dissolve by shaking at room lempcnUurc for 2 to 16 hours. Standards of rgpl20 N^^re prepared 
by aikling 3 N NaOH tn ihe stock solution of MN rgpl20 (1.5 mg/niL) to yic.H a 1 N NaOH 
15 solution. In I N NaOH, tyrosine is deprotonatcd resulting in a significant shift in the 

Bbsorbancf. maximuin and. tbus. protein dissolved in 1 N NaOH will have a different 
absorbancc spectrum than native protein in buffer at neutral pH. Standard solutions contairung 
different cor«:cntrai:ons of MN rgpllO in 1 N NaOH were used to deteririine the shifted 
absorbanc; maxima of the protein and the extinction cocfficieni at ihis wavelength. The 
20 eictinctioo coefficient for MNrgpl 20 in 1 NNoOH was 139 cm-Kmg/mr>l at 2K4 nm. 

The amount of protein released from the microspheres was determined by the Pierce 
Chemical Co. BCA Protein Aj^ay. Both dried ano "wet" microspheres wesre analyxed. "Wet" 
micro.?ohercs were defined as microspheres that wrre removed from the diafila:ation cell and 
siispenHeU in release medium without additional processing. The amount rf protein released 

2 5 vv^s then ur.cd ro calculute the percept of MN rpplSO released (percent of total) from Ihe 

microspheres based on the mass of micTO«iphefcs in the release device, the protr-- loading of the 
rriCTOSpiercs. and the volume of the reicase medinm (20 mg of microspheres in 3C0 ;jl of 10 
nM Hcfjeb. 100 mM NaCI, 0.02% (w/w) Twern® 20. 0.029t NaN3. pH 7,4V 
I Detei-ninalion of QS21 Microsphere Loading 

3 0 The amouAt of QS2! encapGularcc^ in ihc PLGA microspheres ».&s crtermin-id !iy 

dissolvins the micro.^phcres in 1 N NaOH at room tcmpcraiurft overnight. Th^ corr.pletel^' 
dissolved solutions were ncuttElizcd with 6 N HCl. The sampies were I'nen :mectcd ontn a 
SEC column. TSK O3U00S\^' XL (0 "S n 30 cm), equilibrated In 0.4 M KPO^ pH 7 0 The 
colamn running conditions were :hc same as those used for the SEC analysis of rgpl20. 
3 5 isirce QvS21 degrades in i N NaOH. the chrornatographs from SEC analysis contained se\-cra] 

peaks. To qunnnfy the loial amo;irt of QS21. the peak areas corrcspondinc 10 QS21 and its 
dceradat^nn products were u-^ed in the dctrrmination of the core loading. As standards, known 
iirrounts of QS21 were added to ploccbo microspheres and tricn rreatcti wiili ] N NaOH SEC 
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IS.tXK) rpm After injection of ihc Mr>P. :hr. PLOA solution was homopcnircd for 1 minute. 
The homogenized MDP/PLGA solution was then emulsified with PVA lo fonn the 
riicrosphcrci. This cmulsification step was performed by pumping 9% PVA (10% ethyl 
aceUie. 3** C) ai 1.5 lyminule into a static tnixer (Koch Engineering. 0.9 x \ I cm, 6 mixing 
5 elements) The MDP.'PLGA was hIso pumped into the inlet of the static mixer a: 16 

TiL'rfiinutc. The outjci of the static mncr was connected to a prechillcd stirred tank (hardening 
bach) wi:h 12 L of pieflhcrcd distilled waicr (MiliiQ ^vatc^. Millipore Corp,) ni C. The 
pijir4)ing process wn«; complete in 20 sec. The final microsphcrri were aJ lowed ro hardenin^r m 
the itirred tank fir I hour at 2-8" C while rutrocen was passed across the Jiquid surf nee. After 

10 haidemug, the niicn?3pherc$ were filtered through a 1 50-uni nylon mesh arrt ihen ultrafiliered in 

a 2.5-L Amicon stirred eel! with a stainless steel mesh (Tttko CorpO The resulting 

njcroaphcres were then diafilrcrcti with 30 L of 0.195 TwecJi 20. The microspheres were *cn 
analyzed for kiadinc; and release characteristics. 

M. PrT>djct;on of Pbrebo Micfosphere s 

15 PU;;ebo microspheres were made as controls for tlie MDP juid QS21 t'ormulaiions. 

The placebo micro^pncrrs tor the MDP formuloticn were made from 12 IcDa PLGA (MTI, 
50:50 laciide glycolidc. Lot/* 622-B4> with a method siniiJar to the MDP encapsulation 
descnbcd above. The OThcr placebo microspheres were prepared with the sanne PLGA 
fonnutatioiis and unricr similar conditiors to the QS21 micrcsphcxcs. 

2 0 N Quantitation o f M DP Release from Mi cr ospheres 

The amount of MDP released from tlic microspheres was quantJtated by using a 5 ptm 
Vydac C i5 column (0.46 x ^^ cm). The column was operated at a flow rate of 0.7 mLyminJtc 
ar^d peaks were detrcleU by monitotini; ahsnrharKrr it ?j4 nm. Isocralic ciolion conditions of 
29^ mcihanul in O.I M sodium phosphate, pH 3.0 icsuitcd in two peaks, one jt 5 6 minuter 
25 and .inoiner al 9 2 tninolcs. As the peak that cluted at 5.6 miruies did noi rrsolve trnm ihc 

relca.'se media peak, ihc peak ai9 2 minutes was used as the measure of MDP released, 
n. Results 

A. ProcQSj; Modifications for Improvf d I ,oad.ng Efr:zM:nr\'. and Initial Bur^ 

These and oiher encapsulation studies revealed an cmpir;cn1 cnrrelntion betwcrn 
30 encap-sulaiion cffjcicncy (B\ which is the rat:o of experimental ond theoretical protein Icadiiif , 

jnd the composition of the first phase: 

E ^ , ; 

[]^ 

whrre Up I5 the viscosity of the polyircr phase, V^/Vq .s th^ volume rziio of aqueous lo 

3 5 organic solutions in the nrst. cmnK en, VMeCl2 is the volume of mcihylcne clilaride ir the 

second cTTtulsinn prior tn polymer r(Jdi:iDn. and T :s the lempcraiure of the f.rst and accord 
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emulsions. As indicitrd in previous studies, increasing the p^^lymer concerimdon in the first 
phase from 0 1 to 0.3 p PLGA/mL methylene chloride yieloec: a two-fold :ncr€3sc in 
et>c*X'^^*t^°" efficiency (to about 40%) 

To further imn-eitsc the cncapsuUrinn efriciencv and loading, the sffecr of 
5 tcmpcrooire on gp^20 cncapsu-Uiion was studied These studies were pcrfcnncd with a 50:50 

mass ratio of 12 kDa and 100 kDa PLCA (75:25 laciidc:giycolidc. Bochringcr Ingeihcim) at :i 
polymer conccjitranon of 0.3 g/mL and an aqueous to organic volume raiio cf 0 1 mUmL. A', 
ihcse conditions, the encapsuladou efficiency was 22% for room tenpcracurc operation and 55% 
for icw temperature operatinn (0** C. Table 2). ThcAC results indicated that a reduction in 

10 opeiaiing tempcratuiE drimatically incrcaised the process efficiency. The protein loaiinfr wai 

also increaied from 1.2 lo 2.8% (w/w| by opcrarion at the lower lenipcraturc. The reduced 
lemperanire of the first cmulsioii increajcs the viscosity of the poK-mcr xoludon and ^educes the 
propensity of the aqueous dropleis to coalesce. The second emulsion can also be nabilired 
the reduced temperature because the embryonic microspiicres are .ess scnsiiive to shear torcc^, 

1 5 In both cases, the lower icmperaiure should further stabilize the protein solu tion hy freezing ii 

into smati droplets which ore created during homopeniiation. 

Table 2: Effect of Tempcratarc and Excess Methylene Chloride on thv 
EncjipsuIaUon Efncienc^, LoBding, and Initial Bnrst^ 

Proces.^ Condi rtons Protein Loading E (%) laiba; Burst U hr)^ 
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f% w/w) 
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12/100 kDa (75:25) BI 
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with MeHi. O^C 
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NoMeCl7,0*C 
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with MftCl2<*. RTC 


0.6 


1 1 


23 


54 


52 


No McO?. 0 -C 


4.4 


8J^ 


1*? 


J? 





53 



^ Microspheres were prepared as described in the text. 

^ The microspheres were analyzed for release r.f gpl20 either after production while still 
3 0 or after drying by lyopbilization Oyo). or vacuum (vac, 5* C for I week). 

^ A 50:50 mass raiin of the low and high molecular weiphi PI-GA was used to procucc thcti; 
microspheres. 

^ The second emulsion (reacix>n kcille with 109E; PVA) was e/_Ser -mcurated wiib iT«thv:r.r£ 
chloride 1.5^ or did not contain methylene chloride prior m iha acidiiion of the fits; 

3 5 cmulsjon. 

^ RT dcnc;es room icmpcraiurr (about 25" CV Temperature corresponds to the nperaiing: 

icniperoTurc of botfi the fir^t and scconc cmulsioos. 
^ ND deroies not dcierniincd. 

Thr effect of methylene uhloridc saturation in the second emulsion was also 

4 0 invesugaicti. As the amount af methylene chlondc in the second cmuision pnoi to poiymcr 

addition js reouce^i. the cncapsulaiion efficiency should increase (Equauon I) The same 
condiuDns that were used in the lemprraiure study were applied ir> ihis analysis The 
encapsulation was prrtcirmed oi 0^ C with the second emulsion either saturated .viih rr.ethyljnr 
chloride (1.5%) or wiiho»it nethylene chloride. Removaj of c>ccs.n methylene chioiidc from the 
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second cnnoUioii increa5cd -.he cnctpsuiBiion efficiency frmn 55* to 96% (protein loodan^ : 2.8 
lo 4.9% <w/w), sec Table 2V Thcae results irdicaic that the second emulsion drtr.i nor reqiiirt 
methylene chloride prior lo polymer oddilior. The rcrnovaJ of excess methylene chlonde from 
thfc second emulsion causes more rapid extraction of the solvent from the miCTospheres and. 
5 (hereby, allows the niicroiphrrcs to hanJen mere quickly, rhercby enfrapping a larger amouni of 

fri fijrther confirm these observaticms, a difFsrciiT polymer iystcm was used at the 
same condidons. This polymer blcTrd, 50:50 mass ratio of 18 kD» and lOO kDa PLGA (75:25 
lactiderglycclide, MTl). 'was less viscous in methylcTie chloride than the previous blend at the 

ID same concentratiorv nf 0 3 g/mL,. Therefore, the encopsulatoo eftjciency at room tenperature 

with mcihytene chloride in the second cmuisinn wna only 11 5>. By decreftsing the operation 
tcmperalurc to 0* C and removing the methylene chloricic from the second emulsion, the 
encap*;ulation efficiency was increased t<i 86%. These changes also increaced the protein 
loading from 0.6 to 4 4% (w/w> (Table 2). In addiinm, the initial burst from the wet (analysed 

1 5 itTnncdiateiy u'lcr the pT\xioction,), lyophili7cJ arxl vacunm dried microsphinrs was significantly 

decreased by rcdwcinR the nperatir,g '.empcraturc and removing Che excess methylene chloride 
fmiii tlie second emulsion (Table 2). The initfal borsi at low protein loading O^ss than 1091 
w/w) can be empnicaily correlaled to the inverse of the encapsulation efFcicncy as defined in 
Equation 1. By decreasing the process icmpcrarure ind mnoviiig cxcej:s solvciit» the process 

2 C efficiency . protein loadinp and initial burst wens improved, 

Equation 1 also indicates that the cncapsulaTion efncicncy is increased by increasing 
the viscosity of :he polymer ph»se and dccrcosinK dw; ratio of aqueous to organic volumes in 
the first pha5;c The viscosity of the first phase incrcaars with i ncreasing pcitymer concentration 
(g PI-G-VinL methylene cWoridc) and molccijls.r weight. Tn invesiigate th; rciatioiship 
15 berwecn polyTrer moleculn^ weight and the encapsulaiior cfriciency. microspheres were 

produced by usmt» several polymers w;th the same prcccs.s conditions (V(^r/Q=0.t, 0.3 g/rnL 
PLGA, reduced temper^iturc, no excess methylene cblondc). The initial stMdtcs were pcrfonncd 
to evaluate diffcTCTMrcs in visco.^ity of the poiymrr!: from two separate vendors A blend of an 
equal mass ratic of high ,ind 'ow nwiecular weight polymers from each supplier. MTI and BL 

3 0 wns used for microcncapsulaticr.. The microspheres maJe from 12 kDa and 100 kDa {75:7f> 

iaciidcipiycolidei PLHA from 31 yielded a pmtcin loading; of 5 0^ (w/w> and nn encapsulation 
e/r:cicnc> 98^^. The mic^o^phc^c5 produced with IS kDa and lOO IcDa (50;5D 
iactide:g!ycoUde> PTGA from MTl yielded a slightly lower protein loading (^.4% w/w) and a 
reduced encapsulation cffici^ncv (8f>%, Tabie BV The iniiiai burst from both preparations after 
3 5 lynphilizaii.m was equtva*icnt (32 to 37%). These results inJicaled that there were rot 

sianificant differences between the polymers from different venders at these conditions. 



600® 



CC^T9fl900^T XV-i LJ'ZJ Z6/50/CO 



wo 9S/iiong 



PCTaJ594/11674 



Table 3: Correlation Bciween Polymer Properties and Encapsulation 

Efncicncr, LoadtnR, and Initial Burst^ 

Polymer Protein Loading F. (Tr) Initial Burst (1 hr)^ 

nn-ride/ylvcolldel i% wyw> 

S n kDa (50:50) Bl 

12 kJDa (75.25) BI 
12/100 kDa (75:25) 81^ 
IZ/lOO kDa (75:25) DJC 
18 kDa (50:50) MTI 2.4 
1j J 8 kDa {73:25) Mn 2.3 

100 kDa (75:25) MTT 5.1 
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Microspheres were prepared as diicribccl in the text. 
t> The microspheres wert analywJ for rclcast of gpl 20 cither after proauciion v*h;ic stiU w«i 
15 or after drying b>' lyophiliration (lyo). oi vacuum (vdc. 5* C for 1 week). 

c A 50:50 ma« ratio of the low and high molecular weight P1>GA was used to produce th^ss 
microsphcrcs- 

ND dcrnnes not dctefmined. 

In addition, the molecular vtcight and composiLion of the PLGA was invciJtigatcd for 
2 : Its cffeci on encapsulation efficiency-. Low mo;ecular weight polyrrcri from both vendors were 

analyrcd. Microspncres produced from 12 kDa (75:25 lactidc giycoiide) or 12 kDa (50:50 
Uclide:glycolide) PLGA hum BI wtrc only slightly different in iheir fjv.z) cnaiac-terisocs. Both 
prcparatioas of microspheres were produced under the same condiiions (\"o/Vo=3.L 0.3 g/rrX 
PLGA, reduced remoeraiurc, no ctcccss methylene ch'.oHde). By usicg ths 12 kDa (75:25 
25 lactide:g;ycolide) PLGA. an encapsulation efficiency of 47% was achieved and the microspheres 

hod a protein loading of 2.4% */w. These microMiheres aUo had a moderate itiitial bursc for 
the material which hod not been dried (36% for wet microspheres. Table 3). By a^ing thz 12 
kDa (50:5C lactide: giycoiide) PLGA, an c neaps ulnti or. erTicienry of 5B% was obtained and the 
protein losdinR was 3.0% w/w. Although the 12 kDa (50:50 lactidciHlycoljde; PLGA had a 
3C slightly better loading, the initial burst was grcBtcr (43%) and, tl-j-refore, the loading of the 

microspheres after ihe inirial burst was nearly cquivaltnt (l.5'»: v^/w for 75:25 lactidc :giyL-clide 
and 1.7% w/w fur 50:50 iactidciglycolide). In both cases, the cr.c;ipsulatioii efficiency 
significantly lower than ihe equal na.^ ratio bleini of nigh and low moiecular v.cjghl PLGA 
(Tabic 3) 

3 5 To mcrca.^c encapsulation efficiency. lh= v.scosiry of the low molecular weicnt 

polymer soluiioru wai, increased by increasinc; ihe polymer concenrrarion to 0 6 g/mL. 
InCTcasirp the ppiymcr concentration without incrensing the amoum of gFl20 added :o the fin>t 
phase rf suits in n rcdu;:!iun of the theoretical protein loading This relationship is dcs^ritrd by 
a simple mass balance on the components Ir the system: 

1 To:al gpl20 

^ " ] fPLGAl ^ " (T^talgpl20 + PLGA) 
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where L is the thcorenciJ loaiir.g fgpl20 znu^'i fraction of total), pLGA] is the PLGA 
concciiCTauon <p PLGA/mi- methylene chloride) in tht firit phase, and [gpl20] is ihc ^120 
concentration (g/mL) in :hc aqueous solution injecied into the first phase. Therefore, under 
ihest coodiiioni, the increase in PLGA c oncer. mujon from 0.3 tr> 0 6 g/ml, decreased the 
5 theoretical loading by about one haJf tn 2 6%. These experiments were performed with the low 

molecular wcighl polymers (18 KDa) obtained from MTl For both the 50:50 anJ 75:25 
Uciidccglycolidft '8 kDa PLGA. the encapsuU'Jon efficiency was dramatically improved (92 io 
96^) and the protein loading was 2 4 to 2 5% »^/w (Table 3). In a/iciirion, the initial bursts 
from both prrparations were nearly equivalent and tbft lyophilized material had a moderate initiAl 

IC burst (Table 3). Theretcre. a high encapsulation efticicncy (greater than 90%) was achieved 

with the low molccuior weight PLGA wher the PLGA concentration in the first phase was 
increased to 0.6 g/mL. These results further validate Bquahnn I since the inci eased viscosity of 
the firu phase was achieved by increaKine tiic PLGA conccntraticn. 

Unlike the low molecular weight PLGA, the high mnlccular eight PLGA (100 rDt) 

15 was very viscous in mcihyicne cnloride at 0.3 e/mL. Microencapsulation of gpI20 in 100 ItDa 

(73:25 lactidc:glycol-.ric) PLGA from MTI at 0.3 g/mL (VaA/'o=0.1, reduced temperetcr*. no 
excess .-ncthylenc ciiloridt) resulted in i 00% cncsp^tlaiion of the protein and a prcucin loading 
cf 5.1 9i) w/w. These microspheres also had a very low iniLai burst even after drying (Table 3). 
Because the high irwlecular weight PLGA is much more viscous than the low molecula; 

2 0 weight PLGA. a blerd of both polymers should provide sufncieni viacosity to allow 

incaps-ulation at 0.3 g PLGA/inL mcthvlene chlondc and decrease the large initial burst 
obtained when us'ng the ;nw molecular weight PLGA To test this hypothesis, equal mass 
ratios «>f high and low molecular weight PLGA from both vendors were u.sed to 
micro ercapFulaie gpI20 as rlescnbrd above. These preparations were prnrhiccJ with, u high 

2 5 encapsulation eiTicirncy (greater than 85%) and hoth lyi-jpnilizcd preparations ha-: Unvet initial 

h jrsts than the microspheTCS made with only Irw mrUrjlar weight PI GA. 

Increasing viscosity o*" thz first emulilon through changes ir 'hz polymer 
(concentration or molecular we;ghl) cr reductions in temperature results m an increase m 
size of the TirEl nucrospbercs. ?r general, the corre lotion between micro.<^)here diameter. O. and 

3 0 process parameters is cir.pin=aliv dc^ribcd by: 



(3) 

whcr= i> the 5tir speed id the nceoDd emulsion ^rprn) 

'vViien the teotpcralurc was reduced to C .in.-i excess methylene c blonde u a.; aided to 
3 5 the sc::or.d crTiJlsior.. the microsphere diamcier cid not change for rhz preparations *hal were 

marie with a blend of tiic low and high n*,olccul.-\r Acii;ht polymers ^T.ible 4) However, -f the 
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tb=se trrhiilqii^s wa^ cf»mp,TretJ lo thr iniiiaJ burse from TnicTosphert* thrl «.err oniJyzcd 
immediately after production fwe*). The mjcrospbere* analyzed without 6ry.n^ at ways hac nn 
i.iitial burst ihat was Icsfi than microspheres dncd by either drying method. When hyrtrated. i:ie 
mtcrcbphcr€s ^iU hydrtMyze and release ihc encapsulated proiein and, thus, excess moivurc i? 
5 preferably removed al the end of lSc microjiphcre process. Prior lu complcic drying, t^c 

microspheres are fully hydrated, resulting in hydrolysis of the PLGA wjth subsequent relcass of 
pr>tcir\ at or near the surface. The formation of microspheres in the second cm jision wiil affect 
ihc amount of protein at or r^ear ihc surface. Larger microspheres produced ir ihc second 
craulsion would have a smaller initicl buret since the nnfazc area ro volume ratio is dccrcMid. 

ID The firjt technique used to assess ihcse possible effects on dc^ada-tion of tbc iricrosphcTra 

during dryirn was vactum drying Unforrunatcly. when vacuuTn dried rricrosphcrcs arc fully 
hydrated for several cUys (dried at 5" C for 7 days) the protein can be released during the drying 
process. Therefoie, the drying dire is pirtf-rably be minimiicd to reduce the initial hurst. 

One meihod jufseti to reduce the^ microsphere drying ame was lyophiliz&t;on. 

15 which as\iAUy rtquiics onljr rtlfic tcs tWd days. LyophiSization or vacuum drying of the low 

molecular wejghr PLGA formulations resulted in 1.5 lo 8-foId increase in the initja* burst 
(TablC3 2 and 3). Aquixnjs protein droplets encapsulated at or near the surface of tht 
microspheres probably cau^^e the initial burst from these jr,icro3phcrcs. If the vijscosiiy of the 
first emulsion is incieascd. the oqueous droplets formed during homogcnizadon are less likely 

20 lo coalesce. Thus, small droplets at or near the surface will release less total protein for 

microspheres containing the sanrie tutal aqueous volume. To increase the viscosity' of the first 
emulsion, Ihc FLGA conccntradoD in :hc methylene chloride can be raised. By iiKreas^ng the 
PLGA (12 kDa) c one cntr.i lion from 0.3 to 0.6 g/mL, ine initial burst from lyophi lined or 
vacuum dried microspheres was reduced from (greater than 50% to 30 to 509t. Initial 

2 5 microspheres produced at 0 3 g/mL 12 kX)» (50:50 lactideiglycoJidc) PLG.^ in the first 

crr.ulsion were also cracked and broken after lyophjli/.arion (Figure 5). During lyophilizatior., 
the miciospheres arc frozen aud ih.e excess water is rrmov^d by sublimation. The formation of 
ice crysxals within ilie microspheres can coniribLiic to cnckinp or complete fracture of the 
micro-^pheres. The stability of the aquco js droplets con be mcreased by increasing ire viscosity 

3 0 of the rirsi emulsion through reJudions in temperature and by rcn;o>ing the excess methylene 

chkjridp fmm the second emulsinr. causing a rr.cie lapii formaiiofi of micmsrheres. V^Ticn th^ 
process conditions wete rT.odified to inrJnde horh these changes, the micros:?.icrcs svcre nor 
broken or cracked after Iyoph:iir3tion or vacuum drying (Figure 6>. Howevrr. both ihe vccuun 
dried and KophiUzed microspheres shown in Reu-e 6 hcd a large initial bjrrr f^rreater than 
3 5 ^5%). Tbc large initial burst ts hkcly ihe result af the instabiliry of the frit emulsmr 

cncflpsuluted within the microsphcrrs More aqueoi^ droplca can acciimulats at the surface if 
the pol>mer is warmed above 2 to C and, thus. prr»x idc tliri jcrjie iniUa. burst that wa? 
obser^cfl in the ln:n micrrjsphtrcs. 



t^OOl?) 



IVJXV.-I 



WO*»5/110«8 



PCT/US94/n674 



In contrast, Iyi>pbiliz.aooci did no! cause cracking or breai:a;!t of micrrrtphcrcs produced 
with either ar cqufti mass ratio blcnrf oFhlgh and low molftcul.-u^ weicht PLGA CFigurc 7) 01 
high TTDlccuInx wcighf Pl.OA alone wbcr produced &i Jew tcmpcraiiirc withouc cKcess 
methylene chloride in the second emuUion. Thc5c Tnicro5pherc prcporaiions also d»d not have o 
D larpe iniriaT b irst (less th.m 3t)?r, Tabic 5). In addition. Tnicrospheres produced with i(:e high 

Tiolecular wclg^M PLCA had a mjch lower initrat burst after lyophilication or vacuum drying 
(Tables 3 and 5). Both the c<^uol mas:! rabo blend of high and Inw molecular weight polymer 
diid the high molccjlar weight potymer p^peniiions did not reveal a corrciatica between protein 
'oading nrd initial btJrst for loadings rtngtag friTm 1.8 to 3.9% w/w. However, at very low 

1 0 piotcin loading (0.5% w/w), micro spheres prod jccd with the jamc conditiona had a greatly 

reduced initial burst. Becsui^c the initial burst is controlled by iht difTusion of protein out of 
the microjsphcrcs, the rate of release (initio* buist) wUl be dependent upon the concenr^ation 
Jiffcrencc between the bulk solution and the hydrat^d. accessible protein fsiarface proicinV The 
arootint of prr>rcin at The surface will lIso he reductJ «incc the protein concentration in the 
15 aqueous droplets is reduced, Ir gfmeral, the initial rricase of £pl20 from ihc microspheres 1^ 

dependent upon the polymer irolecular weight, the process conditions, and the drying method 
To reduce the initial burst and physical detjfJdation (e g. cracking), gpl20 microspheres are 
ptefcrably prirpared with either a blend of high and low molecular weight PTJGA or high 
rTiulecuikit v.eifc;ht PLGA ax low temperature w;thcut exce.ss mcnhylcne :;hlorid« in the sccrond 

2 0 emulsion. These nnicrosnheres c^n then be lyophilized or riirvgcn dried to produce a free 

flowing powder 

Table 5: Effect of Drying Method on InliUI Burst* 

Pol>fncr Prnrein l .r-oonw^ Tribal Burst (1 hr)^ 

(tactide ylvcolirie^ i % w /w } v)tct !yoph i lite d n Lci 

25 12/100 kDa(/)0:501BI^ 



30 IR/lOOkDa (5C .-iO) MTI ^ 



TOO kPa ( 50:50) MT! 

3 5 ^ Micmsphercs were prepared as described in Materials and Methods (0.3 g PLGA/rrL 

n-icihylcne chkjridc, 0.1 mL protsjn 5olurior/mL niethylenc chloride, reduced tcmpennure^ 
no excess methylene chloride ir scc.md cmclsion). 
^ All prepamtions had frcacrr than 9,1*^ crvapsulatinn efficiency. 

- The microsp.isTc.s were or.alyicd for release ot either after prodLcdon while slill w et 

4 0 or after drying by lyophilizauon . or n^rrugcn dncd as described ir Maicrials and Methods. 

^ A fiC:50 mass ratio of .he iow tnd high Trolecu:2r v. eight Vl.GA wis used to prodjce iheie 
rr.icrcspncrcs- 
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C Cprr^atioT] Between Scccnd Burst and rolvmer Propenie?; 

Micrtisphero \*er« produced bv using PLGA of varying cumposilion 
nf»clidc;gljCojide) and molecular wcieht to assess tSc oiffcrencc* id ihe timing cf ihe second 
biJTSl To obtain an in vivo antoboost of gp]20 at rhe crs'trcd appfx^pnau time (e.g.. 1, Z 3, or 
5 4 months), the micro spheres arc preferably d«)crcH to prtxncc an in \itro second buibt at the 

same tiinc (37 'XX phySiologicaJ bwffcrj. The in vhtq release charaacrisiks of each preparation 
was snjdicd nmil 80 to 100^ of the total protein was released from the micros pherci. All tlx 
preparations display e/i a chamctcnstic releas: profile: initial burst. Tuinimal release (Jr<;s than 
10%), 37)d second burst. A typical release profile for MN rgp 120 PLGA microspheres is shown 
1 C in Figure 8. The release profile with the exception of ihe initial burst was not affected by the 

process conditions or drying, but the PLGA composition ani raoleculai weight did havs a 
sigTiificant impact BulJc erosion of the microsphcfcs is depe-dcnt upon the polymer 
composition (lactidc: glycolidc) and molecular weight and, therefore, the timmg of the second 
burst TesiilliTic from bulk erosion 15 controlled by ^clccring the properties of the PLGA. 

1 - The in vitro rdcusc 01 MN rgplZO I'rom PLGA microspheres corrclatca with 

the polymer properties as listed in Table 6. The microspheres produced from low moJecular 
weight (12 or I ft KDa) PtXiA with a 5O;50 Inctidc; plycolidc ratio had a second burst at 30 to 
40 dnys, while microsphere* made with the same molecular weight with a 15;2S 
Iaciidc:giycolide ratio did not undcigo bu)k croiion and release protein until 60 10 75 days. A 
2C similar dencn-derx:^; between lactidc content and second bum rimJng was also obtained for 

microspheres made from high molecular weight (100 kOa) PIjGA. The microspheres mtde 
from 100 VDa PLGA had a second bjist at 60 to 70 and 90 to 1 00 days tor :hc 50:50 and 75:25 
laciide; glycolidc ratios, rcspcciivcly. Tlie equal mnss ratio blcnos of low and high molecular 
weight PLGA underwent bulk erosion with subsequent protein release ai :he snmc time as the 

2 5 ccjrresponding low molecular weight polymer alor>e (Tphle 6> Tbercforc. the addition of high 

moiecular weight PLGA to the low molecular weight PLGA at an equal m^ss ratio docs not 
affect the timing of the second burst, but tt doey improve Ihe cncnpsulatior efficiency and 
decrease the initi;i1 burst as shown nbove. Microspheres produced with zj\ equal mass ratio of 
low and high molecular lATight PLGA should ihen be used if a one (5*3% laclicc) or two (75% 

3 0 iaclide) month autobonst is required. Aitema-tivcly, a cwo mon'Ji auioboost can be obtained 

froci micro spheres made w:th the high moleciiJar weight (lOO kDa) PLGA with q 50:5Q 
lactidc:£lyco!idc ratio However, if a three month outoboost is needed, the microspheres could 
he pnxluccd with iht hi>Lh molecular wc;ght (100 kD»^) PLGA with n 75:25 iactidc:giycolide 
ratio. These r&siilts cnnfirm the previously ob.-^crvcd relationship bctwfter in vivo degradation 
3 5 .irtd polymer propcnics as depicted in Figure 2 Tlius, if a Inicr auioboost (4 to 6 months) is 

d&qired. then poiylacric acid (PLA). a high molecular weight PLGA wiih ?. high Uctide (greater 
ihcji 50%) c:m:cm. or a higher molecular weieht PLGA with 509t: I;u:iide »greaier than 0.75 
diy^) Ls preferably vised. 
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TaMe <: CorririaUoo betwern PLGA Properties and Secontl Burst* 
Polymer Secwid Uun.tt> Complete Eros. ion 

fl fl C ll tk . gl . YC QljdeJ — Tjmf; fCiayf ^ gaJieieas ed T'lTncidavO 

12kDa (5D:50)BIC 
5 12 kDa (75:25) BTC 

18 kDa (50:50) MTI 
18 kDa (73:25) MTI 
JCX)kDa (50:50) Nfn^* 
100kDa(75;25>MTl 
10 12/100 )cDa (50:50) BI • 

12/100 kDa C75:2yjBI'^ 
18/100 kl>a f^OiinMTTI 
* Microspheres were prepared dcacribed in Vl^tcrials and Methods (0.3 g PLGA/mL 
methylene chloride. 0 1 mL pmtcin soIution/tnL nicihyJcnc chlcridc. redjccd icmpcnuurc. 
15 no excess methylene chlonde in second emulsion). 

^ Second bmt from microjpherei was oMinll)' observed over one to two weeks. The umc 
niTige listed 19 the initial and final days when the percent released wts significant (greater 
than 10%/wk). The % reiea?;ed is the siim of all the protein released durinp the .«cond 

^ C ^ These microspheres had a lar^c inilial bur3» (greater than 50%) and, thcfcforc, the amouiu 

of pTfTHcin remaining the second burst ^vas rcduced. 
^ The prcparition of these microspheres was performed at room temperature and excess 
methytcnc chloride {1.5^) was used in the second emulsion. Tnese process changes 
resulted in a large iritiil barsL 

5 * A 50:50 moss ratio of the low and high molecular weight PLC A was used to produce these 

microspheres. 

D Development of EfKops'jI ated QS^K FnrrT^ulation^ 

The coenc^psulBtion of QS21 and MN r^l20 rc<;ujred charges in the process 
parameters. Bccduac tbc aqueous-trvorpinic volume mbo afreets the encapsulation cfilcicncy 
3 C and inrtial burst (Hquafinn 1 ). 'he ratio could not be increased to ccmpciisole for the additional 

QS2i solution. A formulaiion of 0S21 at 200 mg/mL in 509t cihanol was used in 
combiDaiion with 114 mg^'mL MN rgplxO r20 mM Tris. 120 NaCl, pH 7.'1} for the inr.cr 
aquet>us phase. By using *.csc conccntrared soiutions. the aqucojs-io-organic vnljmc ratic was 
maintained cDn5.ianl (0.1 r.iL/mL) and moderate theoretical toadin^s were achieved (2 ro 57o 

3 5 w/w). The QS2] phase ^ injected into the poiymcr phasr tnd then the priMcin sniution was 

added to ivoid direct conmci between the QS2 1/cthanol and MN rgpl20 so.uDons prior 10 
erxap-Tubtion Micrcrspherrs prepared hy this method wiih a 50:50 ratio of low (1 2 )cDa) and 
high (100 IcDa) molecuiar weight PLC A rcsolicd in 100% encapsulation effijiency for the 
protein and only n 61 3*^ encapsulation efficiency for the QS2I (Tabic 7) Without HmiLatir;; 

4 0 to zny one thet?r>', it is believed ihal ihc lower cncapsiilatir>n enicicnry for the QS21 could be 

ihe resuJt of its surfactant prcpcnics. QS21 could accjmulate ai tnc aqueous /crganic interface 
resulting in looses duriig ;hc lorraalicn of the second emulsion and the fine] prcccssing steps 
(hordening and washing |. To reduce this possibility, 1% IwzcnQ^ 20 vk'.it added to the 
QS2Vclhannl fomfiulatjc»n Twecn(^ is expected (o also accunni:Iatc ot the aqueouG/orp ante 
4 5 in'.crfacc and :i is likely that Twcen^?' will stnhiiice QS2I HiiccJcs. The Q^2^ encrpsulation 

efficiency for microspncies produced oy the ^amc method with QS2 1/Twccn ^/cthanol wa5 
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T»blc 8: Release of QS21 and MN rgpl20 from PLCA Microspheres^ 

Formulation Initial Burst 1%)^ 5cc«nd Eu«i ^ 

QS21 MN r2nl20 Tin e [^iu^aJ 

12/100 kDa (75:25)^ 

5 MN rgpl20 * QS:i 19 29 6C-75 

MN rgpl20 + QS21 ^-''•5 
12 ItDa (75:25) 

MN i^pUO + QS21 ^ 17 24 60-70 

OSl\ -i La 1^ ^-70 

10 ^ Microspheres were prepared as described in Marcrials and Methodi (0.3 g PLGAy'mL 

methylene chloride. O/i mL aqueous solution/mL mc±ylcnc cnicridc. reduced tcmperaurc. 
no cj^ccss mcthvlenc chloride in second emiilsjon, lyophilircd). 
^ The material released in the inilial b«irst from the microsFhcrcs (1 hr.. 37*C) was analyzed 
by RP HPLC to determine the amaun: of Q521 and cplio. 
15 ^ The second buT3t occurred over 7 to 14 days th; criteria for second burst for QS21 wa% 

grcBisr itian 2% intact QS21 released (see text for detsUs). 
^ A 50:50 mau rBtio of (be low and high molecular weight PLGA was \jscd ro prortvce these 
microspheres. 

^ The QS2 1 pliase in this foxmulatioa coDtahjcd J % Twcen® 20. 
20 ^ This formulation consisted of 0S2 1. 20% Twcen® 20. and 100 mM urprinc in the QS 2 1 

a4]uci?u% phase injection (500 p-l, sec Materials and McrKodi). 
£ Microspheres produced at an aqueous to organic ^-olume raiio of 0.05 irvL/inL. 

Another crn J idcrarion for ihe QS2I microsphere formulations is the timhig of ihc in 

vivo auLoboos:. Microspheres cofiiaining QS21, or QS21 with MN rgpl20. were iTicubated in 

25 physiolopical bvffer at 37 °C to assess the time for release of the second bnnti. As shown in 

Table 8, the second burst occurred over the siune fimc range for both these miciospheies and 
microsphcTe5 containing rgpl20 olone (Table 6). In adcihon, the Q521 relea.=;cd from the 
microspheres aflcr incubation in pliysjologica) buffer at 37**C for 74 days w.is 25*55: inuci The 
aiDOuni of intact QS21 after the same time at the same conditions in solunon would ts less 

3 C than 25 9i iincc the dcgmdction rate of QS21 at pH 7.4 is rwrnty fold grc.-iif^r than pH 5 5 (4(T 

C) and the amount of intact QS2! remaining after 74 days at pH 5.5 and 40** C is less than 
50%. Thui, encapsulation of QS21 docs not affeci t>ic timing oT the second burst and vS.n 
reduce ihft rate of QvS2I dcpradotion and clearance jn vivo 

E. rjnmunoeenj^jty pCMI^ nrnoMicr^sppgre? 

3 5 To as&ess ih^ ability of QS21 tc increase the ooserved immune resporse trt MN 

rgp 120 -PLGA. two cJiffercnt formulations were tested. One eroup of animols wn-j jmmunrred 
with 30 ^lg nf MN rgpl20 in a PLGA formulanon (12/100 kDa (75:25 lact1de:^^lyco]u^c). i 9% 
w/w prritcin. 32% iritial burst) which was rombi^'ctl with 50 of soluble QS21, Another 
group of animals "was immunized wirb a formulaiicn consisting of both MN rgpl20 and QS^' 

4 0 encapsulated in the same micrrsphere.c The rrticrosph^r-s with MN rgpl20 and OS 2 1 were 

pioduced wrai a 50 50 moss ratio of 12 kDa (75:25 lactide glycolide) and 100 kDa (75 25 
lactideipV/culidc) TIXjA The** microspheres had a prclein loading of X59fc (w/w) aruJ a QS2i 
loading of ^?r- (w/w) The initial burst from rh«e mrcTO*:phcT-es for protein ind 0571 wa? 
29* and \^9n. respectively. The a:iubody iiicri o: animali immunized with scluhie QS2 \ and 
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enc.ipsulalcd MS r^\2Q were four (anli-V3) lo sin {unti MN rgpl20> Foid grca*xr lhan liters cf 
animals im.Ti jnizfid wuh the encapsulated MN rgplZf) alone (Fipures 5 and 6) The amoont of 
antigen relcsicd inidally (9 pg) w w the same foi both of these gicups since the same PLGA 
friiTTiulaiion was used, Tbarfore. soluble QS^l enhanced tSc jmrnune response to encapsulated 
5 MNrEpl2G 

5i3cc encapsulated MN rgpl20 provided a greater jT^niunc response iban soJublc MN 
rgpl20, additional enhancement in the immune response caused by the encapsalaOon cf QS21 
was exainined. Animals were immunized with the PLGA form ulai ion containing borh MN 
rgpl20 and QS21. The total antigen and QSIJ dosed in the PLGA formulation were 25 and 

10 19 rcsficcrivciy. Both of these total doses were lower than the solublft and encapsulated 

controls because Lhe protein and QS21 loadingi were lower in these microspheres. As 5ho^^m 
in Figures .2 and 13. the antibody titers of the group ijnmunized with encapsuUted MN 
rppl2CyQS21 were ar. order of magnitude grealer than the encapiuiated MN rgplIO f30 M.g dose) 
and a'lum controj (30 m« doie) groups. In addition, ihc encapsulated MK -gpl2C'QS2l 

15 forrauiation onJy released 7 3 of MN rgpl20 and 3.6 fig of QS2) in the initial hurst. 

There jcrc. a loAcr doae of both antigen ar»d adjuvant in the encapsulated form was capable of 
yiciding an order of niagni:iidc greater imm'jnc response than the soluble or alum-torrTulared 
antJgen. 

To deiirrr.ine if the humoral response to MN rppl20 was sufficient to ncimarirc the 
2 0 virus upon infection, sera from guinea pigj immoniccd with MN rgpl20 were anaJyxcd for 

virus neuii;*iii3tion by using MT4 T-lymphoid cells which are very scnsjiivc to HIV irfcction. 
The sera were t?kL:n from five diffcrenl groups of guinea pigs, tach immun:7/id wiih a differervi 
fonnul&tion: jxr antigen with 60 |ig alum, '^0 antigen in Complete Freund's Adjuvant 
(CFA). 50 anrigcn with 50 jig QS2I. 30 amigcn wuh 50 MS QS"1 and 6^1 p.? aluiri. and 

2 5 30 Ug cnccp^ jiaicd antigen with 50 soluble QS2I The PLGA formulation wa« prepared 

from 12 KDa f 50:50) PLGA. The microspheres had a protein loading of I % (w/w> with an 
inili.ll buTST of SOTr (lyophihzcd formulation). The animals were iir.munized with these 
formulations m 0. \, and 2 months. Anirnals receiving CFA were boosted wrJi ircomplcfr 
Freund's adjuvant (IFA). The sera .samples taken ar day 70 >^cre analyzed for virus 
J 0 neutralization 

A.^ 5lT^wn in Tabic 9. the MN virus ncutraliraiion titers fronn th^ yroup iTTimumzeti 
with the hr^* rgpnO-FLGA fcirniuiation and soluble QS21 were 50% greater ihar> rirers from 
the Q52l/a' :m pfuup ar.d were 10 fold sreatcr than rhc citcrs from the alum ard CFA groups. 
The A1.A-! viTu: nc'Jirrilization tiier for the QS21/VLGA group wa.*; €0^ lower than the 

3 5 QS2l/oium ^oup, but it was 8 fold higher than the alum group. The group inmuniz«ri with 

the high anugfn dose ((SO ug) and soluble 0S2 I had trtc hip.icst neutraliza'inn liters for both 
strains. However, the MN virus ncutraliwtinn tiler for the iiiph-dose g.tjjp \*is only slightly 
greater thar the i ters for the QS21/PLGA group. Therefore. MN rr,pl20 rcieasM fmm PLGA 
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10 



15 



mjcrosphert^ -nduced rh.e foirn-^tion of ncuiraiizing aniibodies lo ihs MN and AI^-! s:r3irs of 
HT\'-1. 

TABJLE 9: Virus neutralization titers for stra from i^inea pigs at day 70 
after immuniiatioo with different formalatinns of MN rgpl20 
(30 ug MN repl20/dos«. immuolzations at 0, 1. and 2 
Tnonfhs). 



Formulation 


virus NcuirBlization Titer 
strains 

MN strqiij 


of HIV-1 

ALA-1 slmin 


Alum (60 (ig) 


.^25 


2000 


CFA * 


200 




QS21 (SO^ig) t 3500 


35000 




QSZl (30 Hfi) 


2200 


25000 


* Alum (00 (ig) 






QS2I (^0 ^g) 


3G00 


15000 









■ Complcie Frcund's adjuvant wax prepared by emulsifjcntion with a syringc-lo-syrings 
2 0 technique imrncdiately prior to immunizauon. 

^ This group was iminuTijzed with 00 \i$ of MN r^pl20 olong > iih the soluble QS21 

The cncopsuUtcd MN rf;pl20 kDo (50:50) PLGA. \% v-Zw MN rgpl20) was mixed 
with soluble QS2I pnor to immiinizatton. 

F. Cort;nuot;s Rdea5c cf MDP from Microspherca 



c 



2 5 The encapsulation of MDP in PLGA microsphere; resulted in an encapruUtion 

etr:cicncy of 96% with a core loading of 0.8% (w/w). As shuwn in Figurs 7, these 
EnicTOSpheres had a small Initial burst (less than 5% in 1 hr) and provided a 2% rclsasc of MDP 
per day ovex 46 days. To assess the efTecK of the encapsulation process on MDP, the initial 
reitase {1 hour) of MDP from the micmsphercs was assayed by reverse pnase HPLC Controls 

3 0 were also performed hy incuhatine MDP in the r-'eaxe media ai 37" C ^^iih placebo 

microspheres fFipure 8>. MDP eluled as :wn peaks (5.64 minurcs anc 9.20 minutes). 
AddirionnI peaks in the chiomatograin were contn holed by the release media (2.^5 mjnu1c« and 
5.04 minutes) and ihs breakdown products nf PLGA f? 02 minutes) I'hc MDP released frrm 

f(ie micnrepheres was not altered by the encap^ulaticm process 

3 5 G. Puls^itile R e lease of Q.S2 I 

The pulsatile release of QS2I w.is aclucved by usmg a mixture of high and low 
nioiecular weight PLOA. The first fonnulalion produced with inethylenc chlonce and a 
reaction kettle consisted of a 50:50 mass ratio of 12 kDa (75:25 laciiderElycoIide) and ICO VDa 
(75.25 Itciidc glycohdc) PLGA from Bt. TiM fomaUiion rrsulicd in mlcrosphrres ^*,ith 2.6S 
/lO w/w loading and a low (niiial buisl w/w). The cncapjulation ert'iciency rrr-n thu process 

wai only 4b%. These Tniciosphcrcs had a second hursi cf QS21 ar 60 to 7S days Tt= ;r,itirv! 
QS21 released was anaJyjvd by icveisc plias; HPLC and cortrois wers performed b\ ir ;u bating 
QS21 at 37" C in release metlia w th placcho iriirro5phcrc5 As shown in Figure 9. the QS21 
initia'lly released from the microspheres was not degraded. 

4 5 The second process for enrapsuUnon of QS21 included the lsc of cihyl ccctate .reread 

of mcrhyicne chloride aod a s'^tic [7ii;tcT in place of 'iK* reaction kettle (1 -liter fcm-ic^tcr: Theic 
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micTOsphcrcs were inodc with & 50:50 mass raiio of 12 kT^^ Cf.5:35 lacUde:gIyrolide) and 100 
kDa (65:35 U=ode:R:,colidc) PLGA from MTl. Thr Q521 loadinc was :.9% w/w and lSc 
encapsulauon efficiency ^v« 29%. The reduced cncapsuUti^.i cfTicicncy was probably dxje rn 
tSc larger volume of Q521 injected imo polymer phase (I .Q mL). The iniiiaJ burst from 
5 ihcst microspheres was small flcss iha/i tO%) and ihc second burKi accunrd btiween 50^65 

days, The quality of the QS21 relc-iscj from these micmsphcrcs was also analyzed by r-verse 
phase HPLC (Figure 10) The initMl QS2I released was compared to controls with QS2\ 
jncuhoted at 37*'C in release media %vith placeho microspheres;. The QS2I hiitially released 
from These microspheres contained a small amount of QS2I hydrolysis prodocis Hess Lhan 
IC I0%>. Ovcrali. the microcncapsulaficn process; did not signincomly affect the quality uf ihe 

QS21. 
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1. A composition comprising poly(D-L-JacudE-co-gIyco]idc) (PLGA] 
m (crufcphcpss cncapKuIaiinE an adjuvant, wherein 

tKc roijo of lactide ro elycnlide i& from about JOO 0 to 0:100 wcigm percent; 

ihc inherent viscosuy of PLGA polyircrs iLScd i:i the microspheres is about 0. 1 to 1 .2 

the median diaircicr rf chc microsphcra is from about 20 in I f>0 mm; and 
:hc arijuvoni is released from Ihe micmspheres in z triphasic pattern, whensin about 0.5 
to 95% of the adjuvant is rclcAssd m an uiitial bursU about 0 to 50% is released over & period of 
about i to 2O0 days, and the remaining adjuvant released in a second bcrst after about I to 
700 days 

2. The composition of claim I wherein tlie median diametci of the irccroaphcrcs 
is about JO mm. 

3. The compo.Mtion of claim 1 whcirin lUz adjuvani is ' 

4. The composiuon of claim 3 wherein the adjuvanft]^^^J^'j^^|^i^ » 

5. A composition comprising about one to 100 adjuvant encapsulated in a mixture 
of &bot:t two to 50po^y(D-L.:aci3<1c-co-Eiycolide) (PXXiA) miaosphete popularions. wncrcin 

th; ratio of lactide to glycolidc i«. from about lOtlrO to 0: 100 weight percen:. 

tf'C inherent viscnsity of PI.GA polymers used In the nicrosphcrcs is about 0.1 1:0 i .2 

dUp: 

the median dt^uncter of the microspheres is from nbout 20 to 1 03 mm: and 
the cdjuvBnt is released from the microspheres in ;i'|f'^|j|^ j^^tt^, ^k^rein nbout 0.5 
ID 95% of the adjuvant is released in an initial biirst, about 0 to 50% is released over a period of 
about I to 200 Jays, and ihc remaining adjuvant is rclea^^ed in a second burst in one 
microsphere population after about 1 to ^J^ts^in 8 i^on^ micf^ population after about 
30 (o day&, and lit ddditidUal micnxig 

6. The composition of cl.iin 5. whcicin each microsphere popuiition 
cni:apsulatcs the s.ime adjuvani. 

7. A composition eumpri^iPK poJy(D-L-lQCti(ic-co-Blycolidc) (PLGA> 
microspheres encapsulating an adjuvant, wherein 

the ratio of lactide 10 |;lytolidc is fiom aboct l00KD*o 0:100 weight percent: * 
the i ilicre.Mt viscosity of PI-OA poly/rcrs used in the micro.^hcrcs is about C I to 1 .2 

(he median diameter of the mjcrosphcre^ is from ahou: 20 to ICQ mm. and 
the adjuvani is continuously released fi ojn the mi cr:?^p Teres over a period of about 1 to 
^OOdByj. 

R. The corn position of tlaim 7 herein the median diamctsr of the microspheres 

li about 3C mm. 
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7. The composition of tloim 7 >vhcrein the adjuvant is QS2 1 

. 0. The composirioii of claini 7 wtieirin the adjuvant is mprainyi dipcpudc. 

II. A methcd for tncapsulating adjav-nnt m micirsphcicb. comprising 



(a) dissolvins pojya:)-L-Iactidc-co-gl>galidc^ CTLGA) poJymcr in an orpar.ic ^olvcni to 
produce a solution; 

(b) addinp an adjuvant ro the solution of (al to produce e PLGA-adjuvont muiurc 
comprising b first emubion: 

(c) nd<hng the mixiurc of step Cb> to an c:nulsiricatjon bata to producr micru^pbcics 
comprising a second emuljsinn; 

(d) hardening the microspheres of 3iep (c) to produce hardmrd micnispKcrcs ctwnp rising 
encapsulated adjuvant. 

12. The method of claim 1 1 wherein the organic voivent is mediy)^|^ ^Jpri4c 

1 3. TTie method of claim 1 1 wherein ibc orj^anic solvent is SHyi 4taiLatt^ 

U. The method of claim 1 1 wherein die organic solvcm is a mixture of ethyl acciaic 
and hrn7.y| alcohol Of Ketone. 



15 



The method of Llaim \\ wherein the cmulsificEUon bath comprises a 



16. 



The method of claim 15 where m the polyvlTiyl alcor.ol solunor contains 



eihyi acetate. 



17, The method of claim 1 1 wherein tJie adjuvart i& a dry polypcptiJe 

1 8 Th* method of claim 1 I wherein the adjuvant is ai^ueous. 

19. The method ot claim 1 1 fUftbCf etoipri^ng diyidg th* hiitlthed microspherci- 

20 The method of claim 19. ^^?^^iftp^^j^^|^^SLiLi|^ group 




eon^) sting of lyophilizin^. llUuikaxI bed dryiog, airkl' 
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PLGA Microsphere 
(Hydrated) 




FIG. I 
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FIG, 2 
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Fill microspheres 
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